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THE   LIFE   HISTORY   OF   ULULA    HYALINA 

LATREILLE.i 

J.  F.  McCLENDON. 

While  collecting  insects  in  Galveston,  Texas,  during  June, 
1900,  I  found  specimens  of  Uhda  hyalina  Latreille,  and  at  the 
suggestion  of  Dr.  Wheeler  kept  them  alive  for  the  purpose  of 
obtaining  their  eggs  and  following  their  larval  and  pupal  devel- 
opment. The  insects  would  fly  against  the  sides  of  the  large 
glass  jar  in  which  they  were  kept,  and  finally  killed  themselves  ; 
but  two  females  deposited  their  eggs  before  they  died.  After 
many  of  the  eggs  and  young  larvae  were  destroyed  by  various 
accidents,  I  finally  succeeded  in  raising  two  larvae.  One  of  these 
I  preserved  when  full-grown,  the  other  after  it  had  pupated. 
Later  I  obtained  several  imagoes  from  different  localities  and 
one  full-grown  larva  from  Austin,  Texas.  After  reading  the 
few  notes  that  have  been  published  on  the  life  history  of  this 
interesting  insect,  I  concluded  that  a  more  thorough  treatment 
of  the  subject  would  not  be  out  of  place. 

The  first  notes  on  the  life  history  of  the  Ascalaphidae,  the 
family  to  which  our  insect  belongs,  were   published  in   1826 

^  Contributions  from  the  Zoological  Laboratory  of  the  University  of  Texas^  No.  27. 
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by  Guilding,  who  is  perhaps  best  known  to  zoologists  as  the 

discoverer  of  Peripatus.     These  notes  were  on  the  life  history 

of   Ulula  macleayanus  Guilding,'   which   is  synonymous   with 

Ulula  hyalina,  or  a  variety  of  it,  occurring  in  the  island  of 

St.  Vincent,  West  Indies,  where  Guilding  obtained  his  specimens. 

;  >lis  descrimioo  ts  meager  and,  to  some  extent,  erroneous  ;  but 

•  >he  arrahgeftreht*  of  the  repagula  has  not  been  observed  subse- 

;.iju?«itiyfct?>  ifty|lfnoVledge.     Hagen  published  a  paper*  in  1873, 


which  contained  short  descriptions  of  sixteen  species*  of  Asca- 
laphtdie.  He  repeated  Guilding's  descriptions  and  also  described 
the  larva  of  Ulula  senex  Burm.,  ignoring  the  fact  that  it  was 
synonymous  with  Ulula  hyalina  and,  consequently,  also  with 
U.  macleayanus.  Westwood  wrote  a  review  in  1888  of  the 
previous  papers  on  the  life  history  of  the  Ascalaphida;'*  and 
added  a  short  life  history  of  a  Ceylonese  species,  perhaps 
Ascalaphus    insimtilans    Walk.,    accompanied   by    figures,   but 


tan  Sociely.  vol,  jiv,  p.  509. 


'  The  Genus  Ascalaphus.  Tmnsaclions 

'  Die  Larven  von  Ascalaphus,  Steam. 
('873).  p.  33- 

'  Notes  on  the  Life  Hisiory  of  Various  Spetiea  of  the  Neuropterous  Genus 
Ascalaphus.  Tr.insartiimi  Entomele^ical  Sptitly,  \aaAon,  I  iJStt,  pp.  I  - 1 1,  Pis.  1,11. 
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failed,  as  did  Guilding  and  Hagen,  to  work  out  the  mouth  parts 
thoroughly.  A  good  description  of  the  ant-lion's  mouth  parts, 
which  are  very  similar  to  those  of  the  ascalaphid  larva,  may  be 
found  in  a  paper  by  Redtenbacher  ^  as  early  as  1884.  Hagen 
and  Westwood  do  not  appear  to  have  been  familiar  with  this 
paper. 

Ulula  hyalina  is  distributed  over  the  southern  half  of  the 
United  States,  Mexico,  and  the  West  Indies,  but  is  compara- 
tively rare  in  many  of  the  places  where  it  is  found.  The  insect 
(Fig.  i)  when  at  rest  remains  motionless 
on  some  small  branch  or  stalk,  head  down, 
with  wings  and  antennae  closely  applied 
to  the  branch,  and  abdomen  erected  and 
often  bent  so  as  to  resemble  a  short 
brown  twig  or  dried  branch.  On  being 
approached,  the  insect  moves  to  the  oppo- 
site side  of  the  branch,  and,  on  being 
further  disturbed,  flies  to  another  branch 
and  alights  with  head  up,  then  quickly 
turns  and  assumes  its  characteristic  atti- 
tude. I  found  specimens  on  stalks  of 
green  sedge  near  the  beach  at  Galveston, 
Texas.  The  insect  contrasted  strongly 
with  the  green  stalk,  but  there  were, 
near  the  tops  of  the  stalks,  brown 
seeds  which  resembled  the  insect  and 
made  it  hard  to  find. 

Guilding  says  the  eggs  (Fig.  3)  are  placed  in  double  series 
of  64  to  75,  near  the  end  of  a  branch,  and  are  fenced  off  by 
little  rods,  which  he  called  "repagula"  (Fig.  3),  placed  on  end 
and  arranged  in  circles  around  the  branch  below  the  eggs, 
thus  preventing  the  approach  of  insects  and  the  wandering 
abroad  of  young  larvae  until  they  can  climb  over  the  repagula 
and  have  likewise  acquired  strength  enough  to  resist  ants  and 
other  insect  enemies.  I  observed  one  of  my  specimens  from 
Galveston  deposit  its  eggs  and  repagula ;  but  it  was  too  weak 


Fig.  2.  —  UluU  hyalina.  Male 
life  size,  resting  on  a  stalk  oi 
green  sedge. 


*  Uebersicht  der  Myrmeleoniden-Larven,  Denkschriften  tier  Kaistrlichen  Aka- 
demie  (Ur  WissenschafUn^  Bd.  xlviii,  Taf.  VII.     Wien,  1884. 
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from  confinement  to  remain  on  the  stalk  on  which  it  rested 
and  fell  to  the  ground,  so  that  I  could  not  tell  how  it  would 
have  arranged  the  eggs  under  normal  circumstances.  These 
repagula  I  find  to  be  in  all  probability  abortive  eggs,  since 
dissection  shows  that  some  of  the  tubules  of  the  ovary  pro- 
duce eggs,  and  others  repagula. 

The  eggs  hatch  after  nine  to  ten  days.     The  young  larva 
remains  quiet  a  day  or  two,  after  which  it  seeks  the  ground. 

The  larva,  while  growing  in  size,  always 
retains  the  form  shown  in  Fig.  4,  except  that 
after  hatching  and  after  each  moult  the  head 
is  proportionally  larger.  It  hides  in  some 
slight  depression  or  under  the  edge  of  a 
stone,  with  its  body  covered  with  sand  and 
its  mandibles  widely  extended  so  as  to  touch 
the  fringe  of  hairs  on  each  side  of  the  head. 
Its  brown  color  simulates  the  surroundings. 
Its  body  is  hidden  by  the  covering  of  sand, 
and  the  head  is  somewhat  concealed  by  its 
peculiar  covering  of  hairs  (Figs.  4,  5,  12),  so 
that  small  insects  may  crawl,  unawares,  too 
near  the  extended  mandibles.  In  this  case 
the  larva  thrusts  out  its  head  and  snaps  the 
mandibles  together,  pinioning  the  victim  on 
the  curved  points.  It  then  proceeds  to  suck 
out  the  juices  of  its  prey  like  an  ant-lion.  In 
the  latter  this  is  accomplished,  according 
to  Redtenbacher,  by  the  expansion  of  the 
pharynx,  the  juices  passing  through  the 
duct  formed  by  the  mandible  and  maxilla  fitting  together 
(Fig.  6).  The  wound  is  kept  open  by  the  maxilla  working  like 
a  piston  in  the  groove  of  the  mandible.  The  palpi  at  the  same 
time  move  back  and  forth  slightly.  The  labium  and  ligula 
are  folded  back  into  the  mouth  and  adhere  together  so  as  to 
close  the  orifice  in  front.  I  have  observed  that  the  Ulula 
larva  soon  kills  its  victim,  and  at  intervals  opens  its  mandibles 
slightly,  until  one  of  them  comes  out,  and  then  sticks  it  into  a 
new  place.     This  is    continued  until   the  skin  is  sucked  dry. 


r— I  „ 


Fig.  3.  —  Ulula  hyaJina, 
Egg  and  repagulum ; 
and  a  figure  showing 
the  arrangement  of  the 
eggs  and  repagula  on  a 
stalk,  according  to 
Guilding's  description : 
<>  egg ;  ''»  repagulum. 
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when  the  larva  throws  it  aside  and  assumes  its  characteristic 
attitude  and  awaits  another  victim.  On  being  disturbed  the 
larva  crawls  away  and  seeks  some  other  retreat.  It  often 
changes  its  hiding  place  at  night,  probably  on  account  of 
scarcity  of  food.  It  always  walks  forward,  contrary  to  the 
habit  of  ant-lions.  The  larval  life  lasts  about  sixty-two  days, 
during  which  time  the  larva  moults  twice.  It  moults  a  third 
time  inside  of  the  cocoon,  when  it  changes  to  the  pupa. 

As  the  habits  of  the  Ulula  larva  are  somewhat  peculiar,  it 
becomes  of  interest  to  compare  them  with  the  habits  of  the  not 
very  remotely  related  ant-lions  (Myrme- 
leonidx).  According  to  Redtenbacher, 
the  Myrmeleonidae  (Formicaleo,  Acan- 
thaclisis,  and  perhaps  Palpares)  lie 
quietly  during  the  day  like  Ulula 
kyalina,  except  that  the  body,  instead 
of  being  simply  covered  with  sand,  is 
buried  slightly  beneath  the  surface. 
They  can  walk  backward  as  well  as 
forward.  At  night  they  wander  about 
in  search  of  prey.  Myrmecaelurus  can 
walk  forward  as  well  as  backward,  but 
digs  a  pit  like  the  ordinary  ant-lion. 
These  latter,  however,  never  walk  for- 
ward. The  digging  of  a  pit  by  the 
ant-lion  may  be  but  a  step  removed 
from  the  habit  of  Palpares  in  burying 
its  body.  The  ant-lion  also  has  the  Fir..  4— f/n/a  w^//™,  fuii- 
instinct    of    wandering    at    night    in  *""™  """■ 

search  of  a  more  favorable  situation  when  food  is  scarce. 

When  the  Ulula  larva  is  full-grown  it  seeks  some  hidden  place 
at  night  in  which  to  pupate.  Having  found  such  a  place,  it  spins 
a  web,  covering  it  with  sand  and  such  other  small  objects  as 
may  be  at  hand.  It  then  gets  inside  the  web  and  begins  spin- 
ning a  cocoon.  The  next  day  it  remains  quiet,  and  at  night 
continues  the  work.  I  had  an  opportunity  of  observing  several 
stages  of  the  process,  as  my  specimen  spun  its  cocoon  against 
the  side  of  a  glass  jar  partly  hlled  with  sand.     The  side  next 
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to  the  glass  could  be  seen  through  until  after  the  third  night, 
so  that  it  must  have  required  more  than  three  days  to  con- 
struct the  cocoon. 

The  mandibles  (Fig.  15,  nt)  of  the  pupa  are  toothed  on  their 
inner  edges  for  the  purpose  of  enabling  it  to  bite  a  hole  in  the 
cocoon  when  the  metamorphosis  has  been  completed.  I  did 
not  have  an  opportunity  to  observe  the  escape  of  the  imago. 


(rem 

b«W:   V\i 

7,  hEld  with   mandiUci 

.idc:   Fig.  8 

diiul  portion 

ol  Ihe  clyptuj.  Kcn  fron 

.nd  .dpcml 

me 

turn?;  ™",in 

■nlum;  /,  libial  |lllp<u;  t 

Below  I  have  added  descriptions  of  the  egg,  repagulum,  larva, 
pupa,  and  cocoon. 


Egg  ""''  Repagulum. 

Eg£(J\%.'i,e).  —  Length  \%  mm.  Ovoid,  about  twice  a.s  long  as  broad, 
cream-colored.     An  elevated  ring,  the  micropyle,  on  upper  pole. 

Repagulum  (fig.  3,  r).  —  Length  1%  mm.  Slender,  spindle-.shaijed, 
knobbed  at  base.      Basal  knob  red  ;  shaft  brown. 

The  repagula  are  abortive  e^gs.  Some  lubule.s  of  the  ovary  Ijear  eggs, 
others  repagula. 

According  to  Cuilding  the  egf;s  are  placed  in  a  double  alternating  .series 
of  04  to  75,  near  the  extremity  of  the  branch,  and  the  repagula  (barriers) 
are  placed  in  circle.s  around  the  branch,  below  the  eggs  (Fig.  3). 
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la  kfalma. 


Length  13  mm.  Head  cordate,  broad  behind,  lapering  anteriorly,  swollen 
beneath,  thicker  behind  than  in  front,  fuscous  varied  with  black,  covered 
with  hair  except  on  mid-ventral  line,  deeply  emarginated  on  posterior  border 
above,  leaving  an  angular  projection  in  center  of  emargination.  Anterior 
border  fringed  with  serrated 
hairs;  lateral  borders  each  with 
a  very  deep  fringe.  Ocular  pe- 
duncles (Fig.  12,  o)  prominent, 
cylindroid,  slightly  flattened 
dorso-ventrally,  each  bearing 
seven  simple  eyes  and  thickly 
beset  at  the  end  with  serrated 
hairs,  two  of  which  are  very 
large  and  inclined  backward. 
Eyes  black,  six  on  upper  sur- 
face of  ocular  peduncle,  live 
forming  an  incomplete  circle 
around  the  sixth,  one  on  under 
surface  of  ocular  peduncle  near 
the  posterior  outer  margin.  ' 
Antenna  (Fig.  1 2,  «)  \%  times 
as  long  as  ocular  peduncle,  basal  segment  very  large  and  broad  at  base, 
second  segment  much  smaller,  third  still  smaller  and  proportionately  much 
shorter,  and  followed  by  a  piece  not  definitely  segmented  and  still  more 
slender;  the  succeeding  nine  segments  are  of  nearly  equal  size,  the  terminal 
segment  b  as  long  as  the  three  preceding  and  ends  in  a  tuft  of  small  hairs  ; 
there  is  a  lobe  above  the  base  of  the  antenna 
ending  in  a  fringe  of  five  hairs,  —  three  stout 
serrated  ones  alternating  with  two  slender  smooth 
ones  which  terminate  in  stellate  enlargements. 
Clypeus  (Fig.  9)  narrow  behind,  continued  in  front 
as  a  pair  of  semicircuFar  lobes  over  bases  of  man- 
dibles, middle  of  anterior  border  continued  down- 
ward and  reaching  the  mentum.  Labrum  (Ki;;. 
10,  /)  -small,  infolded  into  the  mouth.  Mandible 
long,  swollen  at  base,  slraij;ht  for  three-fourths  its 
length,  then  curving  inward;  curved  portion  free 
from  hair.s,  inner  edge  set  with  three  teeth,  middle 
;  smallest,  space  between  anterior  and  niiildle  oni' 
n  middle  and  posterior  one,  m.indilile  grooved  on 
ventral  side.  Maxilla  swollen  at  base,  lying  in  groove  of  mandible,  with  which 
it  forms  a  duct  leading  to  the  mouth,  serrated  on  inner  edge  near  tip.  Mcntum 
(Fig.  6,  m  ")  nearly  square,  anterior  border  produced  in  the  middle  so  as  to 


one  largest,  posterior 
smaller  than  that  bett 
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reach  the  clypeus,  lateral  margins  produced  into  a  pair  of  triangular  lobes 
(Fig.  1 1,  x)  inclined  forward  and  devoid  of  hairs,  each  divided  by  a  suture 
into  two  triangles;  ligula  infolded  into  mouth,  adhering  to  the  labrum; 
basal  segment  of  labial  pappus  very  large,  flattened,  fourth  segment  as  long 
as  second  and  third  combined.  On  each  side  of  the  mentum  arises  a  lobe 
of  the  gena  (Fig.  1 1,  ^}  which  projects  over  the  base  of  the  mandible, 
deeply  emarginaled  on  anterior  border.  The  hairs  (Fig.  j)  on  the  head, 
as  well  as  on  the  body,  are  of  peculiar  structure :  the  base  of  a  hair  is  con- 
stricted so  as  to  close  the  cavity  within,  and  the  integument  is  raised  around 
the  constricted  portion ;  the  hairs  are  of  two  kinds,  smooth  and  serrated  ; 
some  of  the  serrated  hairs  are  enlarged  at  the  tip. 

Thorax  flat,  much  broader  behind  than  in  front,  luteo-fuscous  mottled 
with  fuscous,  thickly  beset  with  hairs,  all  of  which  are  fuscous  or  black ; 

tprothorax  freely  articulated  with  meso- 
thorax,  much  narrower  than  head,  much 
broader  than  long ;  metathorax  broader 
than  head,  bearing  above  three  ellipsoid 
swellings,  each  of  which  has  the  margin 
depressed  below  the  general  level ;  one  lies 
near  the  anterior  border,  the  other  two  near 
the  lateral  borders  and  are  connected  by 
a  deep  groove ;  two  pairs  of  lateral  lobes, 
anterior  pair  short,  conical,  inclined  for- 
ward, terminating  in  a  few  black  setae  which 
are  packed  together  so  as  to  appear  like 
the  end  of  r.ie  lobe,  second  pair  very  long, 
h'lo.  n.-uiuiakyaiiia.    Pupa  inclined  forward  al  base,  then  bent  slightly 

backward,  fringed  ivit'i  large,  serrated  hairs;  (here  is  a  pair  of  spiracles  below 
near  thebases  of  posterior  pair  of  lobes;  metathorax  broader  than  mesothorax, 
a  pair  of  ellip.soid  swellings  above,  similar  to  those  on  mesothorax,  a  pair  of 
lateral  lobes,  shorter  than  pair  on  mesothorax,  inclined  forward,  fringed 
with  large  hairs ;  a  pair  of  spiracles  below,  near  bases  of  lateral  lobes ;  legs 
luteo-fuscous  with  fuscous  hair,  anterior  pair  small,  each  succeeding  pair 
larger,  coxa  very  long  (see  Fig.  13),'  trochanter  small  and  almost  rigidly 
attached  to  Che  femur,  tibia  slender,  tarsus  of  a  single  small  joint,  ungues 
black,  much  curved. 

Abdomen  broad  and  thin,  dorso-ventrally  compressed,  pointed  behind, 
lateral  margins  very  convex,  luteo-fuscous  mottled  wiih  fuscous,  covered 
with  hairs  which  vary  from  fu.scous  to  black,  flattened  and  wrinkled  below, 

'  Redtenbacher  (/<v,  cii..  Fig.  1 16)  gives  a  different  interpretation  to  the  joints 
of  (he  leg  of  [he  ant-lion.  He  calls  coxa  what  I  believe  10  be  a  much -developed 
articular  membrane  (Fig.  rj. 7).  and  what  1  have  called  the  trochanter  he  regards 
as  part  of  the  femur.  The  articulation  between  the  trochanter  and  femur  is  not 
well  developed  and  allows  very  little  movement,  but  it  cannot  be  overlooked.  I 
may  add  that  my  interptelalioii  is  based  on  comparison  with  the  imago. 
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somewhat  convex  above,  divided  into  nine  segments ;  tergites,  except  last 
two,  separated  along  middle,  so  as  to  disclose  ihe  articular  membranes,  — 
each  tergite,  except  the  last  two,  with  a  cross  groove  nearly  reaching  the 
lateral  borders ;  each  segment  bears  a  pair  of  lateral  lobes  fringed  with 
fuscous  hairs  ;  each  segment  also  bears  a  pair  of  spiracles  below,  near  the 
bases  of  the  lateral  lobes  1  last  segment  conical,  truncated.  There  is  a 
circle  of  black  curved  spines  around  anus. 


F.pa   (Fig.   n). 


Ti.,  breadth  of  abdomen  4  r 
but  is  much  smaller  and  ci 


Length  12  mm.,  diameter  in  coc 
The  pupa  resembles  the  imago  in 
para  lively  shorter. 

Head  shon,  and  compressed  against  thoraxj  eyes  fuscous,  with  a  deep 
vertical  fold  at  right  angles  to  the  sulcus ;  antennae  comparatively  short. 


curved  backward  over  the  head,  not  knobbed,  white ;  face  light  yellow, 
clypeus  not  distinct  from  labrum  ;  mandibles  (Fig.  15)  stoul,  armed  each 
with  nine  to  ten  teeth  ;  Inner  edge  of  mandible  rufo-fuscous,  teeth  black  ; 
gular  region  white ;  maxilla  bilobate,  maxillary  palpus  of  three  segments : 
labium  slightly  bllobaie ;  labial  palpus  slender,  smaller  at  base  than  at 
tip;  mouth   parts  and  vertex  clothed  with   fine  white  hair. 

Thorax  short,  cream-colored  varied  with  ferruginous  ;  prothorax  com- 
pressed against  back  of  head  ;  wing  sacs  small,  white ;  legs  slender,  white. 

Abdomen  short,  curved  under  so  that  the  anus  reaches  the  mouth,  cream^ 
colored,  varied  with  ferruginous,  covered  with  tine  while  hair,  a  narrow 
mid-dorsal  groove ;  each  segment  except  the  last  two  with  a  pair  of  spiracles. 

Cocoon  spherical,  diameter  7  mm.,  made  of  silk. 


Ur 
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THE  OPHIURANS  OF  THE  SAN  DIEGO 

REGION 

BY 

J.  F.  McCLENDON. 


My  interest  in  Ophiurans  lies  chiefly  in  the  experimental  side, 
and  the  present  work  was  begun  in  June,  1907,  with  the  hope 
that  a  taxonomic  and  biological  study  of  the  San  Diego  species 
might  greatly  facilitate  work  in  which  it  was  required  to  know 
breeding  seasons  and  habitats  of  the  different  species.  Unfortu- 
nately I  left  San  Diego  September  1,  1907,  before  much  data  on 
breeding  seasons  had  been  collected.  I  believe  that  the  height 
of  the  breeding  season  for  the  majority  of  species  is  in  the  spring, 
although  individuals  full  of  eggs  that  were  apparently  not  ripe 
were  found  during  the  summer.  Owing  to  the  confused  state 
in  which  the  taxonomy  of  the  Ophiurans  has  been  left,  I  found  it 
impossible  to  complete  the  work  without  much  aid  from  Dr.  H.  L. 
Clark,  for  which  my  sincere  thanks  are  due  him.  I  am  also 
indebted  to  Miss  Rathbum  and  Dr.  Austin  Clark  of  the  National 
Museum ;  to  the  museum  itself  for  the  loan  of  specimens,  and  to 
the  John  Crerar  Library  and  the  Universities  of  Michigan  and 
California  for  literature. 

Although  most  of  the  species  react  negatively  to  light  and 
hide  under  rocks  and  in  sea-weed,  sponges,  etc.,  some  of  them 
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appear  to  be  protectively  colored.  The  abundance^  and  ease  of 
collection  of  the  littoral  species  leads  me  to  believe  that  hybridi- 
zation experiments  might  be  worth  trying  and  that  the  eggs  might 
also  be  favorable  for  many  other  problems  in  experimental  embry- 
ology. It  would  be  of  interest  in  this  connection  to  know  what 
species  are  viviparous. 

In  giving  the  diameter  of  the  disc  the  largest  specimen  at 
hand  was  always  chosen.  Most  of  the  species  have  been  described 
and  figured  elsewhere,  but  the  following  descriptions  and  figures 
have  the  advantage  to  the  student  at  San  Diego  in  all  being  made 
from  the  region  where  his  material  will  be  procured.  No  dissec- 
tions are  described ;  for  example,  only  the  exposed  part  of  the 
radial  shield  is  described. 

Types  or  representatives  of  all  are  in  the  University  of  Cali- 
fornia museum,  except  Ophiocnida  hispida,  which  is  in  the  United 
States  National  Museum.  The  figures  were  drawn  by  the  author, 
excepting  24  and  25,  which  were  drawn  by  Mr.  G.  T.  Kline. 

Class  OPHIUROIDEA  Norm.  1865. 

Order  1.     ZYGOPHIURAE  Bell  1892. 

Ophiuroidea  with  well -developed  parts  in  the  skeleton  of  the 
arm  segments.  The  arms  are  not  branched  and  cannot  be  rolled 
up  toward  the  mouth. 

Suborder  A.     BraCHYOPHIURAE  E.     Perr,  1891. 
Arm  spines  short,  parallel  to  the  arm  axis. 

Family  1.     Ophiodermatidae  Ljg.  1867. 

With  numerous  mouth  papillae,  no  tooth  papillae,  2-4  genital 
openings. 

Genus  Ophioderma. 

Ophiura  Lm.  1801  {partim). 

Disc  granulated.  Teeth,  and  numerous,  equal,  close-set  mouth 
papillae.  No  tooth  papillae.  Spines  smooth,  flat,  shorter  than 
arm  joints,  numerous  (7-13).  Two  tentacle  scales;  only  the 
upper  one  covers  the  base  of  the  last  arm  spine.     A  notch  in  the 
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disc  over  base  of  arm.  Four  genital  openings  in  each  inter- 
brachial  space ;  the  first  pair  begins  at  the  outside  of  the  mouth 
shield. 

Ophioderma  panamensis  Ltk. 

Fig.  1. 
Additamenta  ad  Hist.  Oph.,  II,  p.  193. 

Diameter  of  disc  25  nlm.  Length  of  arm  about  31/2-4  times 
diameter  of  disc.  Disc  granulated  above  and  below  so  that  only 
a  minute  portion  of  each  radial  shield  is  uncovered.  Mouth 
papillae  and  teeth  small.  Mouth  shields  sub-triangular  with  the 
corners  much  rounded.  Side  mouth  shields  hidden  by  granules. 
Four  genital  openings,  in  each  interbrachial  space.  Tentacle 
scales  flat  and  continuous  with  arm  spines.  Ventral  arm  plates 
about  as  broad  as  long,  with  corners  rounded.  Dorsal  arm  plates 
tw^o  to  three  times  as  broad  as  long  with  distal  margin  concave 
and  comers  rounded.  Arm  spines  numerous,  flattened,  lying 
close  to  arm  and  shorter  than  arm  joints.  Color  dark  brown 
above,  lighter  below,  the  arms  encircled  by  pale  bands. 

A  common  littoral  species  of  the  region.  Panama  to  San  Pedro  and 
Catalina.  San  Diego  M.  B.  L.,  La  JoUa.  Albatross  stations  3588,  3589  and 
3590,  San  Diego  Bay.  Smithsonian  5213,  Catalina  Id. ;  No.  1  San  Diego  (H. 
HemphUl).  U.  S.  Nat.  Mus.  12732  (b)  Catalina  Harbor  30-40  fathoms  (W. 
H.  Dall  c  6  1874). 

Family  2.     Ophiolepididae  Ljg.  1867. 

Three  to  four  mouth  papillae,  of  which  the  innermost  is  sel- 
dom below  the  teeth.  No  tooth  papillae.  Notch  in  disc  above 
base  of  arm.     Two  genital  openings  in  each  interbrachial  space. 

Genus  Ophiomusium  Ly.  1869. 

Teeth.  No  tooth  papillae.  Mouth  papillae  fused  in  a  con- 
tinuous row  so  that  their  former  outlines  are  indistinct.  Disc 
covered  by  plates  and  radial  shields,  all  of  which  are  fused.  Up- 
per and  under  arm  plates  minute,  side  arm  plates  meeting  above 
and  below,  swollen  and  fased  with  neighboring  plates.  No  ten- 
tacle pores  beyond  the  basal  arm  joints.  Small  arm  spines  on 
outer  edge  of  arm  plates.  Two  genital  openings  in  each  inter- 
brachial space. 
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Ophiomusium  jollieiudB  sp.  nov. 

Figs.  2,  3. 

Diameter  of  disc  12  mm.  Length  of  arm  2^^  times  diameter 
of  disc.  Disc  covered  with  irregular  plates,  variable  in  size  and 
shape,  the  marginal  interbrachial  ones  very  large.  Five  or  six 
pairs  of  mouth  papillae  to  each  jaw.  J'eeth  very  acute.  Mouth 
shields  lanceolate,  the  point  directed  inward  and  sometimes  sep- 
arating the  side  mouth  shields.  Two  genital  openings  in  each 
interbrachial  space.  One  tentacle  scale  small  and  flat.  Only 
three  pairs  of  tentacle  pores  on  arm  (3  basal  segments).  The 
three  proximal  ventral  arm  plates  are  pentagonal  and  bear  ten- 
tacular openings.  The  remaining  ones  are  sub-triangular  or 
quadrangular  with  the  inner  margins  convex.  Dorsal  arm  plates 
lanceolate  with  the  point  directed  proximally.  Two  or  three  short 
blunt  arm  spines.  Color  of  preserved  specimens  cream  or  light 
grey. 

San  Diego  M.  B.  L.:  1026  (Station  6,  San  Clemente),  215  fathoms.  972, 
four  miles  W.N.W.  of  La  JoUa,  125  fathoms.  1038  (Station  13),  308  fath- 
oms. 974,  three-fourths  mile  N.N.W.  of  La  JoUa,  85  fathoms.  1027  (Sta- 
tion 8,  San  Clemente),  330  fathoms.     1534.     1541. 

Ophiomusium  lymaui  W.  Thos. 

Figs.  4,  5. 
''Depths  of  the  Sea,''  p.  172,  figs.  32,  33. 

Diameter  of  disc  30  mm.  Length  of  arm  about  4-5  times 
diameter  of  disc.  Disc  covered  with  irregular  polygonal  fused 
scales.  Radial  shields  very  large  and  tuberculated,  as  is  also  the 
large  marginal  scale  between  them.  Five  to  seven  rectangular 
fused  mouth  papillae  on  each  side.  The  outer  ones  may  so  fuse 
as  to  reduce  the  number.  Mouth  shields  narrow  and  pointed  at 
inner  end.  Side  mouth  shields  large,  meeting  within,  the  outer 
ends  much  broader  than  the  inner.  Genital  openings  usually 
reaching  only  to  the  2nd  or  3rd  arm  joint,  the  inner  ends  curved. 
Tentacle  scales  small  and  flat.  Tentacle  pores  in  1st  and  2nd 
arm  joints  only.  Under  arm  plates  in  1st  and  2nd  arm  joints 
only.     Side  arm  plates  meeting  above  and  below.     Upper  arm 
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plates  small  and  diamond  shaped.    Six  to  eight  rudimentary  arm 
spines.    Color  of  preserved  specimens  grey. 

This  is  a  deep-sea  cosmopolitan  species.  San  Diego  M.  B.  L.,  1072  (La 
JoUa  Sta.  Ill,  600  fathoms). 

Oenus  Ophinra  Lm.  1816. 

Ophiolepis  M.  &  T.  1842  (partim), 
Ophioglypha  Ly.  isfe. 

Disc  covered  with  plates  or  scales  which  are  often  swollen. 
Radial  shields  naked  and  swollen.  Teeth.  No  tooth  papillae. 
Mouth  papillae  long  within,  but  small  and  short  near  outer  end 
of  the  mouth  slit  and  partly  hidden  by  the  scales  of  the  mouth 
tentacles.  Arm  spines  short  and  smooth,  rarely  exceeding  the 
length  of  a  joint.  Tentacle  scales  numerous,  the  innermost  pair 
of  tentacle  pores  shaped  like  slits  surrounded  by  numerous  ten- 
tacle scales  and  opening  diagonally  into  the  mouth  slit.  In  the 
disc,  over  the  base  of  the  arm,  is  a  notch  usually  edged  with  pa- 
pillae. Two  genital  openings  starting  from  the  sides  of  the  mouth 
shield. 

Ophinra  llitkeni  L  j. 

Figs.  32,  33. 
Proc.  Bost.  Soc.  Nat.  Hist.,  VII,  p.  197,  1860. 

Diameter  of  disc  8  mm.  Length  of  arm  about  5V^  times 
diameter  of  disc.  Disc  flattened,  covered  above  with  slightly 
swollen  scales  and  radial  shields.  Each  larger  scale  surrounded 
by  smaller  ones.  Radial  shields  small,  ovoid,  pointed  within.  A 
notch  above  the  base  of  arm.  Interbrachial  spaces  below  covered 
with  slightly  swollen  scales.  Eight  pairs  of  mouth  papillae,  the 
inner  ones  spine-like  and  separated,  the  outer  four  broad  and 
close  together.  Teeth.  No  tooth  papillae.  Mouth  shields  pen- 
tagonal, the  inner  angle  acute,  the  others  rounded,  lateral  edges 
emarginate.  Side  mouth  shields  long,  narrow  and  meeting 
within.  Genital  openings  beginning  at  the  sides  of  the  mouth 
shield.  First  and  sometimes  second  tentacular  openings,  with 
two  or  three  flat  scales,  succeeding  four  or  five  each  with  one  flat 
scale  and  one  minute  spine-like  scale,  the  remainder  each  with 
one  flat  scale.    Ventral  arm  plates  twice  as  broad  as  long,  small 
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and  well  separated,  proximal  margin  angular,  distal  margin  con- 
vex. Side  arm  plates  meeting  below.  Dorsal  arm  plates  nar- 
rowed and  truncated  proximally,  the  distal  margin  produced  into 
an  abtuse  rounded  angle.  Three  tapering  arm  spines  on  the 
proximal  joint,  the  dorsal  one  about  as  long  as  the  arm  joint. 
On  the  remaining  joints  the  dorsal  spine  is  a  little  shorter  than 
the  arm  joint.  The  other  two  spines  are  shorter  than  the  dorsal 
spine.    Color  of  preserved  specimen  grey  above  and  white  below. 

San  Diego  to  Puget  Sound,  22-600  fathoms.  San  Diego,  M.  B.  L.:  1025, 
San  Clemente,  60  fathoms.  1072,  La  JoUa  Station  III,  600  fathoms.  1112. 
1288,  2%  miles  S.W.  by  S.  of  La  JoUa,  50  fathoms.  1497.  1501.  XII-2, 
June  5,  '01,  30  fathoms.  XIII-1,  June  6,  '01.  XIV,  2,  San  Pedro,  100 
fathoms.  XIX,  2-5,  San  Pedro,  77  fathoms.  XX,  1,  San  Pedro  77,  fathoms. 
XXI-2,  June  20,  '01,  43  fathoms.  XXVI-a.  XXXI-a,  near  Potts  Valley, 
San  Pedro.  L-1  and  2,  off  Pt.  Loma,  25  fathoms.  LV-1  and  2,  San  Diego, 
25  fathoms.  LXX-5,  La  Jolla,  submerged  valley,  100  fathoms.  LXXII-1, 
off  Pt.  Loma,  30  fathoms.    Smithsonian:  5214  Catalina. 

Ophiura  kofoidi  sp.  nov. 

Figs.  8,  9. 

Diameter  of  disc  7^2  inm.  Length  of  arm  about  four  times 
diameter  of  disc.  Disc  thick  but  flat,  pentagonal,  covered  with 
imbricated  scales  and  radial  shields.  A  large  central  scale.  A 
notch  over  base  of  arm  bordered  by  two  rows  of  spines,  one  row 
being  continued  along  genital  opening.  Five  to  six  pairs  of 
mouth  papillae,  the  innermost  sometimes  spine-like.  Teeth.  No 
tooth  papillae.  Mouth  shields  large,  pear  shaped,  the  stem  of 
the  pear  being  a  sharp  angle  pointing  inward.  Side  mouth 
shields,  narrow,  meeting  within.  Genital  openings  starting  be- 
tween mouth  shield  and  side  mouth  shields.  First  tentacle  pore 
opening  diagonally  into  mouth  angle  and  surrounded  by  nine 
scales,  second  (in  1st  arm  joint)  surrounded  by  six  scales,  the 
remainder  each  with  two  spine-like  scales.  Ventral  arm  plates 
short  and  well  separated,  convex  distally,  produced  to  a  point 
proximally.  Side  arm  plates  meeting  below.  Dorsal  arm  plates 
broader  than  long  in  proximal  part  of  arm,  distal  margin  convex, 
narrowed  proximally.  Arm  spines  numerous,  slender,  acute, 
slightly  curved,  on  the  proximal  joints  the  dorsal  spines  are  21/2 
times  length  of  arm  joint,  the  ventral  spines  a  little  longer  than 
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arm  joint.     Color  of  preserved  specimen  grey  above,  lighter 
below. 

San  Diego  M.  B.  L.:    991,  1%  miles  N.W.N.  of  La  JoUa,  80  fathoms. 

Genus  Ophioplocus  Ly.  1861. 

Disc  closely  and  finely  scaled  above  and  below.  Genital  scales 
hidden.  Teeth.  No  tooth  papillae.  Numerous  even,  close  set 
mouth  papillae.  Side  mouth  shields  wide  and  nearly  or  quite 
meeting  within.  Three  short  arm  spines.  Upper  arm  plates,  near 
tip  of  arm,  divided  on  midline  into  halves,  which  at  base  of  arm 
are  removed  to  outer  lower  corner  of  joint  on  each  side  and  sep- 
arated by  a  number  of  supplementary  pieces.  Two  short  genital 
openings  in  each  interbrachial  space,  extending  only  half  way  to 
the  margin  of  the  disc  and  beginning  outside  the  side  mouth 
shields. 

Ophioplocus  esmarki  Ly. 

Figs.  6,  7. 
Bull.  Mus.  Comp.  Zool.,  Ill,  pt.  10,  p.  227,  pi.  V. 

Diameter  of  disc,  30  mm.  Length  of  arm  2%  times  diameter 
of  disc.  Disc  and  arms  flattened.  Radial  shields  nearly  covered 
by  scales.  Scales  irregular  and  swollen,  giving  the  disc  a  pebbled 
appearance,  the  larger  ones,  above,  being  usually  surrounded  by 
smaller  ones.  The  scales  on  the  ventral  side  smaller  than  those 
on  the  dorsal  and  more  uniform  in  size.  Ten  to  twelve  mouth 
papiUae.  Mouth  shields  sub-triangular,  aboral  margin  rounded. 
Genital  openings,  two  in  each  interbrachial  space,  beginning  near 
the  mouth  shields,  the  edges  granulated,  and  the  granulation 
extending  out  to  the  margin  of  the  disc.  Tentacle  scales  usually 
4-5  in  number  surrounding  each  tentacle  pore.  Ventral  arm 
plates  six-sided,  narrowed  behind,  distal  margin  straight  or 
slightly  incurved.  Dorsal  arm  plates  broken  into  a  large  number 
of  irregular  pieces.  Arm  spines  three  in  number,  about  two- 
thirds  the  length  of  the  arm  joints.  Color  of  preserved  speci- 
mens light  or  dark  brown  or  bluish  grey. 

San  Diego  to  Pacific  Grove.  Shore  to  40  fathoms.  San  Diego  M.  B.  L.: 
1023,  San  Clemente,  San  Pedro,  Sta.  5,  15  fathoms.  Albatross:  March  15, 
1891,  off  Point  Loma.    U.  S.  N.  M.:  12732  (a),  Catalina  Harbor,  W.  H.  Dall 
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(c  6),  30-40  fathoms,  1874.  No.  2  (Henry  HemphiU),  San  Diego.  Smith- 
sonian: 12644,  W.  H.  Dall  (c  7),  CataHna  Harbor,  40  fathoms.  4290, 
Catalina. 

Genus  Ophiocten  Ltk.  1854. 

Disc  thick  and  circular,  partly  covered  by  plates  and  radial 
shields  between  which  are  sometimes  fine,  close-set  grains  or  small 
scales.  Genital  opening  bordered  by  a  row  of  papillae  that  often 
extends  upward  along  the  edge  of  the  disc,  over  the  arm  base. 
Side  arm  plates  come  together  below  but  not  above.  The  broad 
mouth  tentacle  is  enclosed  between  the  first  ventral  arm  plate 
and  the  outer  edge  of  the  side  arm  plate.  Teeth.  Mouth  pa- 
pillae. No  tooth  papillae.  Two  genital  openings  beginning  at 
the  sides  of  the  mouth  shield. 

Ophiocten  pacificum  L.  &  M. 

Figs.  14,  15. 
Mem.  Mus.  Comp.  Zool.,  XXTII,  No.  2,  1899. 

Diameter  of  disc  12  mm.  Length  of  arm  a  little  more  than 
three  times  diameter  of  disc.  Disc  covered  with  separated  plates 
and  radial  shields  and  the  areas  between  them  covered  with  im- 
bricated scales.  Radial  shields  narrowed  within.  Five  to  six 
pairs  of  mouth  papillae  in  each  jaw,  the  inner  one  spinous.  Teeth. 
No  tooth  papillae.  Mouth  shield  pentagonal,  inner  angle  sharp, 
remaining  ones  rounded.  Side  mouth  shields  meeting  within, 
narrowed  without.  Genital  openings  begin  at  sides  of  mouth 
shield,  bordered  with  papillae  that  are  continued  up  over  arm. 
First  pair  of  tentacle  pores  between  basal  arm  plate  and  side 
mouth  shields,  each  with  two  broad  scales.  Second  pair  of 
tentacle  pores  each  with  a  bilobed  scale.  The  remainder,  each 
with  one  flat  and  one  minute  spinous  tentacle  scale.  Ventral 
arm  plates  small  and  well  separated.  The  first  one  trapezoidal, 
narrowed  proximally.  Side  arm  plates  meeting  below.  Dorsal 
arm  plates  broader  than  long,  narrowed  proximally  and  convex 
distally ;  the  proximal  plates  bearing  minute  spinous  papillae  on 
their  distal  margin.  Three  slender,  slightly  curved  arm  spines, 
the  dorsal  spine  longer  than  two  arm  joints,  the  ventral  spine  a 
little  longer  than  one  arm  joint. 

From  Galapagos  Ids.  and  Gulf  of  Panama  to  San  Diego;  down  to  1573 
fathoms. 
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Sub-order  B.     Nectophiurae  E.  Perr,  1891. 
Spines  on  arms  perpendicular  to  arm  axis. 

Section  1.    Oligodontida  Ludwig  &  Hamann,  1901. 
Tooth  papillae  few  or  wanting. 

Family  3.     Amphiuridae  Ljg.  1867. 

One  to  five  mouth  papillae,  the  innermost  often  infradental. 
Arms  arising  from  the  ventral  side.    Two  genital  openings. 

Genus  Ophiopholia  Miill.  &  Tr.  1842. 

Disc  more  or  less  covered  with  grains  or  little  spines.  No 
tooth  papillae.  Mouth  papillae  on  the  sides  of  the  mouth  frames. 
Arm  spines  short,  flat  and  stout.  Upper  arm  plates  surrounded 
by  a  rim  of  supplementary  pieces.  The  lowest  spine  of  the  distal 
arm  joints  is  a  hook.  General  structure  coarse  and  stout.  Two 
genital  openings  beginning  outside  the  mouth  shields. 

Ophiopholis  bakeri  sp.  nov. 

Figs.  26,  27. 

Diameter  of  disc  6yo  mm.  Length  of  arm  four  to  five  times 
diameter  of  disc.  Disc  (with  exception  of  mouth  parts)  com- 
pletely  covered  with  short,  thorny  spines.  Teeth  sometimes 
divided  in  the  middle  and  having  rudiments  of  papillae.  Five 
pairs  of  slender  papillae.  Mouth  shields  diamond-shaped,  cor- 
ners rounded,  nearly  twice  as  long  as  broad.  One  long,  flat  and 
narrow  tentacle  scale.  Ventral  arm  plates  octagonal,  distal,  lat- 
eral and  proximo-lateral  edges  concave.  Dorsal  arm  plates  cir- 
cular, each  surrounded  by  a  row  of  small,  round  supplementary 
pieces.  Six  arm  spines  in  proximal  portion  of  arm,  decreasing 
to  four  in  distal  portion,  minutely  thorny.  First  spine  (above) 
of  variable  length,  second  (longest)  a  little  longer  than  arm  joint, 
the  remainder  decreasing  in  length  downward.  Color  of  dried 
specimen  pink  or  red. 

San  Diego  M.  B.  L.:  1025,  San  Clemente,  Station  5,  60  fathoms.  1026, 
San  Clemente,  Station  6,  215  fathoms.  1047,  4  miles  N.W.  by  N.  of  La  JoUa, 
100  fathoms.  1155,  2%  miles  W.N.W.  of  La  Jolla,  70  fathoms.  XXVI-a. 
LXX-5,  Soledad,  submerged  valley,  Aug.  23,  1901,  100  fathoms.  1501. 
1532.    1534.    1537.     1549. 
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Genus  Ophiactis  Ltk.  1856. 

Disc  round  and  stout  and  covereii  with  radial  shields  and 
imbricated  scales,  the  latter  usually  bearing  small  spines.  Teeth. 
No  tooth  papillae.  Mouth  angle  short  and  narrow,  with  few  (2-4) 
small  mouth  papillae.  Arms  somewhat  depressed,  in  length  4-7 
times  the  diameter  of  the  disc.  Arm  spines  short  and  smooth. 
Two  genital  openings,  beginning  outside  the  mouth  shields. 

Ophiactis  arenosa  Ltk. 

Fig.  16a.     Ophiactis  arenosa,  Ltk.,  partial  view. 
Fig.  166.     Partial  ventral  view  of  same. 

Liitken,   C.   F.     "Bidrag  til  Kundskab   om   Slagestjerne,   III," 
Yidensk.  Meddel.  naturhist.  Foren  i  Kjobenh.  1856. 

Diameter  of  disc  6  mm.  Length  of  arm  about  three  and  one- 
third  times  diameter  of  disc.  Disc  covered  with  radial  shields  and 
imbricated  scales,  the  latter  in  interbrachial  spaces  and  on  edge  of 
disc  bear  each  a  small  spine  on  its  outer  edge.  Teeth.  No  tooth 
papillae.  One  or  two  pairs  of  thin  mouth  papillae  in  each  jaw. 
Mouth  shield  quadrilateral,  inner  angle  sharp,  the  other  angles 
rounded,  outer  edges  convex.  Side  mouth  shields  meeting  to 
form  a  continuous  ring  round  the  mouth.  Genital  openings  be- 
ginning at  mouth  shield.  One  flat  tentacle  scale.  Under  arm 
plates  about  as  broad  as  long.  Upper  arm  plates  broader  than 
long,  narrowed  proximally.  Five  arm  spines,  upper  one  less 
than  one  arm  joint,  middle  three  each  about  one  and  one-half  arm 
joints  and  lower  one  about  one  arm  joint  in  length.  Color  of 
dried  specimen  cream  with  fuscous  mottlings. 

West  coast  of  Central  America.     San  Diego  Bay  near  National  City,  in 
sponges,  June,  1908,  15  specimens. 

Genus  Amphiura  Forbes  1842. 

Disc  small  and  delicate,  covered  with  overlapping  scales  and 
naked  radial  shields.  Teeth.  No  tooth  papillae.  Mouth  angle 
small  and  narrow  with  few  (usually  4-6,  seldom  8-10)  small 
mouth  papillae.  Arm  long,  slender,  even  and  more  or  less  flat- 
tened. Arm  spines  short  and  regular.  Two  genital  openings  in 
each  interbrachial  space. 
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Sub-genus  Amphiura  Verrill  1899. 

One  apical  or  sub-apical  mouth  papilla.  One  (rarely  2)  small, 
distal  papilla  (oral  tentacle  scale).  Middle  of  jaw  edge  without 
papillae.  Mouth  slits  gaping.  Four  to  seven  or  more  (rarely  3) 
arm  spines.    Radial  shields  divergent. 

Amphiura  verriUi  sp.  nov. 

Figs.  10,  11. 

Diameter  of  disc  8  mm.  Length  of  arm  five  times  diameter 
of  disc.  Disc  above  and  below  covered  with  imbricated  scales. 
Radial  shields  naked,  separated,  and  about  twice  as  long  as  broad. 
Three  pairs  of  mouth  papillae.  Teeth.  No  tooth  papillae.  Mouth 
shield  diamond  shaped,  the  edges  next  to  the  genital  openings 
concave,  comers  rounded.  Side  mouth  shields  narrowed  and 
meeting  within,  broad  without.  Genital  openings  beginning  at 
mouth  shields.  One  flat  tentacle  scale.  Ventral  arm  plates  con- 
cave on  distal  margin,  narrowed  proximally.  Side  arm  plates 
meeting  above,  meeting  below  except  at  base  of  arm.  Dorsal 
arm  plates  elliptical,  about  twice  as  broad  as  long.  Four  stout 
tapering  arm  spines,  a  little  longer  than  arm  joints.  Color  of 
dried  specimen  light  grey. 

San  Diego,  M.  B.  L.:     San  Diego,  100  fathoms.     XXXI-a,  near  Potts 
VaUey,  San  Pedro. 

Sub-genus  Amphipholis  Ljg.  1867-71. 

Two  small  lateral  and  one  broad  operculiform  distal  mouth 
papillae,  forming  a  continuous  series  along  the  entire  jaw  and 
capable  of  nearly  or  quite  closing  the  mouth  slits.  Radial  shields 
in  close  contact.    Disc  covered  with  scales  (usually  naked). 

Amphipholis  pugetana  Ly. 

Figs.  12,  13. 
Proc.  Bos.  Soc.  Nat.  Hist.,  Yllj  p.  193,  1868. 

Diameter  of  disc  31^  mm.  Length  of  arm  about  five  times 
diameter  of  disc.  Disc  covered  with  imbricated  scales,  the  dorsal 
ones  longer  and  meeting  those  on  the  edge  in  a  distinct  line. 
Radial  shields  naked,  about  twice  as  long  as  broad,  meeting  along 
their  whole  length.     Three  pairs  of  mouth  papillae,  the  outer 
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ones  very  broad.  Teeth.  No  tooth  papillae.  Mouth  shield  small, 
quadrangular,  the  inner  angle  the  most  acute.  Side  mouth  shields 
narrowed  within,  where  they  meet.  Genital  openings  beginning 
at  mouth  shield.  Two  flat  tentacle  scales.  Ventral  arm  plates 
pointed  behind  (where  the  side  arm  plates  meet  for  a  very  short 
distance),  about  twice  as  broad  as  long,  distal  edge  slightly  con- 
cave. Dorsal  arm  plates  sub-triangular,  distal  margin  convex, 
comers  rounded.  Disc  light  yellowish  brown,  lighter  below,  ra- 
dial shields  darker,  shading  into  a  sooty  white  at  their  outer  ends. 
Mouth  and  ambulacral  regions  white.  Arms  at  sides  and  above 
and  arm  spines  a  sooty  white. 

San  Diego  to  Puget  Sound.  San  Diego  M.  B.  L. :  1026,  San  Clemente, 
Station  6,  213  fathoms.  1038,  Station  13,  308  fathoms.  1166,  N.E.  from 
Long  Beach  (La  JoUa)  to  Ist  canyon,  30  fathoms.  XLIII-3,  San  Diego, 
channel  west  of  middle  ground.  Ballast  Point,  5  fathoms.  LXII-1,  July  20, 
1901,  18  fathoms.  Shelters  Cove,  June  27,  1894.  Wilson's  Cove,  June  11, 
1896.  Albatross:  San  Diego,  March,  1898.  Smithsonian  14182,  Catalina, 
W.  H.  Dall.  Smithsonian  12710,  Catalina  Harbor  (c  6),  1873,  30-40  fath- 
oms, sandy  mud. 

Amphipholis  puntarenae  Ltk. 

Figs.  20,  21. 

Diameter  of  disc  7^/4  mm.  Length  of  arm  about  7  times 
diameter  of  disc.  Disc  covered  above  by  large  imbricated  scales 
and  naked  radial  shields  that  meet  along  outer  third.  Inter- 
brachial  space  granulated.  Three  pairs  of  mouth  papillae,  outer 
one  very  broad,  next  narrower  and  inner  one  small  and  partly 
infradental.  Mouth  shield  quadrangular,  comers  rounded,  inner 
angle  most  acute.  Side  mouth  shields,  broad,  meeting  within, 
sub-triangular,  corners  rounded.  Genital  openings  beginning  at 
mouth  shield.  Two  flat  tentacle  scales,  the  distal  one  larger. 
Ventral  arm  plates  quadrangular,  distal  comers  rounded,  broader 
than  long.  There  is  a  minute  plate  separating  the  outer  ends  of 
the  side  mouth  shields  that  may  be  a  vestige  of  the  first  ventral 
arm  plate.  Dorsal  arm  plates  ellipsoidal,  about  twice  as  broad 
as  long.  Three  stout  sub-equal  arm  spines  about  the  length  of 
an  arm  joint.    Color  of  preserved  specimen  grey. 

San  Diego  M.  B.  L. :  1289-c,  4  miles  S.W.  by  S.  of  La  Jolla,  50  fathoms, 
3  specimens.  LXX-5,  La  Jolla,  submerged  valley,  July  23,  1901,  100  fath- 
oms, one  specimen.  Smithsonian:  12806,  San  Diego,  H.  Hemphill,  10  fath- 
oms, 1  specimen. 
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Sub-genus  Amphiodia  Verrill  1899. 

Three  (rarely  4)  small,  subequal  mouth  papillae,  none  of 
them  opereuliform.  They  form  a  regular  series  attached  mostly 
to  the  side  jaw  plate.  No  distinct  oral  tentacle  scales.  Three 
(rarely  4)  arm  spines.    Radial  shields  often  more  or  less  joined. 

Amphiodia  barbarie  Ly. 

Figs.  22,  23. 
111.  Cat.  Mus.  Comp.  Zoo.  Harvard,  VIII,  pt.  2,  p.  17,  pi.  III. 

Diameter  of  disc  4  mm.  Length  of  arm  about  12  times  diam- 
eter of  disc.  Disc  covered  with  small  imbricated  scales.  Radial 
shields  naked,  meeting  along  outer  two-thirds  of  length,  twice 
as  long  as  broad.  Three  pairs  of  thick  mouth  papillae.  Teeth. 
No  tooth  papillae.  Mouth  shield  quadrangular,  outer  angle  more 
obtuse,  comers  rounded.  Side  mouth  shields  very  slender,  meet- 
ing within,  outer  ends  knobbed.  Genital  pores  beginning  at 
mouth  shield.  Two  very  short,  flat  tentacle  scales.  Ventral  arm 
plates  heart-shaped,  with  apex  proximally.  Side  arm  plates 
meeting  below.  Dorsal  arm  plates  elliptical,  about  twice  as  broad 
as  long.  Three  tapering  arm  spines,  subequal,  a  little  shorter 
than  an  arm  joint.  Color  of  dried  specimen  yellowish,  disc  some- 
times greenish. 

San  Diego  to  Santa  Barbara.  San  Diego  M.  B.  L.:  San  Pedro,  Station 
1-1,  May  22,  1901.  San  Pedro,  Station  (8),  June  25,  1895.  XXXI-a, 
June,  1901.  XXXIV-a,  up  Little  Harbor  Valley,  June  28,  1901.  XXXVI-c, 
June,  1901.  LXXIII-1,  off  Pt.  Loma,  July  25,  1901,  120  fathoms.  974, 
1%  miles  N.W.  by  N.  of  La  Jolla,  85-100  fathoms.    1112. 

Specimens  from  San  Pedro  (8)  and  XXXVI  have  more  rect- 
angular dorsal  arm  plates  and  some  have  more  pointed  mouth 
papillae.  In  young  specimens  from  XXXIV-a  the  scales  on  edge 
of  disc  project  as  trifid  spines. 

Genus  Ophiocnida  Ly.  1865. 

Disc  small  and  delicate,  furnished  with  naked  radial  shields 
and  naked  overlapping  scales,  the  latter  beset  with  small  thorns 
or  grains.  Teeth.  No  tooth  papillae.  Mouth  angles  short  and 
small,  bearing  a  few  (4-6)  little  mouth  papillae.  Arms  long, 
slender,  even,  more  or  less  flattened.  Arm  spines  short  and  reg- 
ular.   Two  genital  openings  in  each  interbrachial  space. 
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Ophiocnida  hispida  Le  Conte. 

Fifi^s.  34,  35. 
Proc.  Acad.  N.  Sc.  Phila.,  V,  p.  318,  1851. 

Diameter  of  disc  7  mm.  Length  of  arm  about  8^/^  times 
diameter  of  disc.  Disc  covered  with  small  imbricated  scales 
bearing  pointed  spines  (not  shown  well  in  figure).  Radial  shields 
close  together  but  not  touching,  2-3  times  as  long  as  broad.  Teeth. 
No  tooth  papillae.  Three  pairs  of  rounded  mouth  papillae,  inner 
pair  appearing  like  a  split  tooth,  outer  pair  broader  than  the  rest. 
Side  mouth  shields  broad  without,  narrow  within,  meeting  or 
nearly  meeting  within.  Mouth  shields  varying  in  size,  diamond 
shaped,  elongate  radially.  Genital  pores  beginning  at  mouth 
shield.  Two  flat  tentacle  scales.  Ventral  arm  plates  rectangular, 
about  1%  times  as  broad  as  long,  with  comers  rounded.  Dorsal 
arm  plates  elliptical,  about  three  times  as  broad  as  long.  Three 
arm  spines,  blunt,  flattened,  about  ly^  times  as  long  as  arm  joint, 
subequal  except  on  distal  end  of  arm  where  the  dorsal  spine  is 
smallest.  Color  in  alcohol,  pale  yellow,  with  small  fuscous  spots 
on  disc  and  a  larger  fuscous  spot  near  middle  of  each  radial 
shield.  Arms  brown,  interrupted  with  pale  yellow  with  a  median 
discontinuous  fuscous  line  above.  Arm  spines  pale,  tinged  with 
brown.  Tentacle  scales  pale.  Mouth  parts  pale,  tinged  with 
fuscous. 

From  west  coast  of  Central  America  to  Catalina.     Smithsonian:   4100, 
Catalina,  W.  H.  Dall  (c  32). 

Ophiocnida  amphacantha  sp.  nov. 

Figs.  24,  25. 

Diameter  of  disc  71^  ram.  Length  of  arm  about  10  times 
diameter  of  disc.  Disc  covered  with  imbricated  scales,  some  of 
which  bear  large,  pointed  spines.  Radial  shields  narrow  and 
touching  without.  Four  pairs  of  mouth  papillae  on  each  jaw, 
besides  a  pair  over  the  mouth  tentacles.  Teeth.  No  tooth  pa- 
pillae. Mouth  shield  pointed  within,  outer  edge  short  and 
straight,  edges  next  the  side  mouth  shields  convex,  edges  next  the 
genital  openings  concave.  Side  mouth  shields  narrowed  and 
touching  within.     Genital   openings  beginning  very  near  the 
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mouth  shield.  Two  very  short,  flat  tentacle  scales.  Ventral  arm 
plates  rectangular  with  the  comers  cut  off  and  the  distal  margin 
concave,  longer  than  broad.  Dorsal  arm  plates  oval,  and  broader 
than  long  except  at  base  of  arm.  Five  to  six  stout,  tapering  arm 
spines,  almost  as  long  as  arm  joint.  Color  (preserved) :  arm 
yellowish,  disc  greenish. 

San  Diego  M.  B.  L.:  XXI-5,  June  21,  1901,  about  150  fathoms;  XXXIV- 
a,  up  Little  Harbor  Valley,  June  28,  1901.  LXXIII-1,  off  Point  Loma,  July 
25,  1901,  120  fathoms. 

Genus  Ophionereis  Ltk.  1859. 

Disc  covered  with  fine,  overlapping  scales.  Radial  shields 
nearly  hidden  by  scales.  Large,  oblong  teeth.  Mouth  angle  smaU 
and  short  and  bearing  9-10  small,  close-set  papillae.  A  few  (3-5) 
short,  smooth  arm  spines.  One  large  tentacle  scale.  Each  upper 
arm  plate  has  a  supplementary  piece  on  either  side.  Two  genital 
openings  beginning  outside  the  mouth  shield. 

Ophionereis  annulata  Le  Conte. 

Figs.  36,  37. 
Proc.  Acad.  N.  8c.  Phila.,  V,  p.  317,  1851. 

Diameter  of  disc  13  mm.  Length  of  arm  about  six  times 
diameter  of  disc.  Disc  puffed  in  interbrachial  spaces  and  cov- 
ered with  minute  imbricated  scales  which  nearly  hide  the  radial 
shields.  Mouth  papillae,  5  pairs  on  each  jaw  and  one  pair  in  the 
mouth  angle.  Teeth.  No  tooth  papillae.  Mouth  shields  hex- 
agonal. Side  mouth  shields  narrowed  and  meeting  within.  Gen- 
ital openings  beginning  at  the  mouth  shield.  One  flat  oval  ten- 
tacle scale.  Ventral  arm  plates  square,  comers  rounded,  distal 
margin  concave.  Dorsal  arm  plates  rounded  and  narrowed  dis- 
tally.  Three  stout,  flattened  arm  spines  tapering  distally,  about 
iy2  times  the  length  of  arm  joint,  dorsal  spine  shorter  than  the 
others. 

West  coast  of  Central  America  to  San  Pedro,  shore  to  35  fathoms.  San 
Diego  M.  B.  L.:  VIII,  San  Pedro  Harbor,  May  29,  1901.  XLIV-1,  Quar- 
antine Station  to  Beacon  3^,  San  Diego,  5  fathoms.  LXVI-1,  Beacon  5  to 
3%,  along  north  side  of  channel,  San  Diego,  8  fathoms.  Whites  Point,  San 
Pedro,  June  4,  1901.  U.  S.  N.  M. :  No.  5,  Henry  Hemphill,  San  Diego. 
U.  8.  F.  C:  San  Diego.    Albatross:  Sta.  3620,  San  Diego  Bay. 
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Family  Ophtacanthidae  E.  Perr.  1891. 

Side  arm  plates  well  developed,  usually  meeting  above  and 
below.  Numerous  long  spines.  Mouth  papillae  usually  numer- 
ous, forming  a  continuous  row.  First  ventral  arm  plate  usually 
concave  within  and  bearing  two  papillae.  Generally  one  median 
tooth  papilla,  sometimes  several  or  a  large  cluster. 

Genus  Ophiacantha  M.  T.  1842. 

Disc  swollen  and  covered  with  a  thin  skin  that  obscures  the 
underlying  coat  of  fine  imbricated  scales,  sometimes  covers  the 
radial  shields  and  bears  spines,  thorns  or  rough  grains.  No  tooth 
papillae.  Mouth  angle  large  and  bearing  7-16  papillae.  Four 
to  eleven  usually  rough  or  thorny  arm  spines.  Side  arm  plates 
nearly  or  quite  meeting  above  and  below.    Two  genital  openings. 

Ophiacantha  normani  Ly. 

Figs.  18,  19. 
Bull.  MuB.  Comp.  Zoo.  Harvard,  VI,  No.  2,  p.  58,  pi.  XI. 

Diameter  of  disc  27  mm.  Length  of  arm  about  6  times  diam- 
eter of  disc.  Disc  covered  with  imbricated  scales  bearing  small 
sharp  spines  and  partly  covering  the  radial  shields.  One  median 
and  4  pairs  of  mouth  papillae  on  each  jaw  and  one  minute  pair 
in  corner  of  mouth.  Mouth  shield  compressed  radially,  extended 
aborally  into  a  blunt  process.  Side  mouth  shields  narrow,  meet- 
ing within.  Genital  pores  beginning  at  mouth  shield.  One  small 
sharp  tentacle  scale.  Ventral  arm  plates  ellipsoidal.  Side  arm 
plates  meeting  below.  Dorsal  arm  plates  triangular  and  bearing 
minute  papillae  on  their  convex  distal  margins.  Four  slender 
sharp  arm  spines,  the  upper  one  sometimes  as  long  as  three  arm 
joints,  the  others  decreasing  in  length  downward.  Color  (pre- 
served) muddy  white. 

Eastern  and  Western  Pacific.  San  Diego  M.  B.  L. :  1072,  La  Jolla  Sta- 
tion, 600  fathoms. 

•         Section  2.    Polyodontida,  Ludwig  &  Hamann,  1901. 
Tooth  papillae  numerous. 


1909]  McClendon:  Ths  Ophhirans  of  the  San  Diego  Region.       49 

Family  Ophiocomidab  Ljg.  1867. 

Mouth  papiUae.  Teeth.  Anns  arise  from  ventral  side  of  disc. 
Moderate  or  long  spines  perpendicular  to  arm.  Disc,  at  least 
above,  covered  with  granules  on  a  soft  skin,  seldom  with  scales 
and  naked  radial  shields.  Mouth  shields  small  or  medium  size, 
not  extending  into  interbrachial  space.    Two  genital  pores. 

Genus  Ophiopteris,  E.  A.  Smith,  1877. 

Disc  granulated.  Radial  shields  covered.  Mouth  angle  small 
and  short  and  with  small  mouth  papillae.  Tooth  papillae  very 
numerous  and  arranged  in  a  close,  vertical  lump.  Four  teeth, 
Arm  spines  smooth  and  solid,  the  upper  one  having  one  or  two 
supplementary  scale-like  spines  applied  to  its  base.  One  tentacle 
scale.    Two  genital  openings  beginning  outside  the  mouth  shield. 

Ophiopteris  papulosa  Ly. 

Figs.  28,  29. 
111.  Cat.  Mus.  Comp.  Zoo.  Hansard,  VIII,  pt.  2,  p.  11,  1875. 

Diameter  of  disc  11  mm.  Length  of  arm  about  3^2  times 
diameter  of  disc.  Disc  completely  covered  above  with  stout  cylin- 
drical stumps.  Interbrachial  space  covered  with  more  slender 
stumps.  Four  to  six  pairs  of  small  mouth  papillae  on  each  jaw 
and  one  small  pair  in  the  corner  of  the  mouth  (tentacle  scales). 
Tooth  papillae  in  four  or  five  vertical  rows,  those  in  the  middle 
being  irregular.  Mouth  shields  sub-triangular,  with  rounded 
comers.  Side  mouth  shields  narrow,  meeting  within.  Genital 
openings  beginning  at  mouth  shield.  One  flat  tentacle  scale. 
First  ventral  arm  plate  small  and  sub-triangular  with  outer  cor- 
ners cut  off  and  slightly  broader  than  long.  Dorsal  arm  plates 
hexagonal,  about  IV2  times  as  broad  as  long.  Five  flat,  blunt  arm 
spines,  the  first  (dorsal)  and  sometimes  the  second  are  reduced 
to  scales,  the  third  and  sometimes  the  fourth  about  as  long  as 
three  arm  joints,  the  fifth  usually  shorter  than  two  arm  joints. 
The  spines  are  very  finely  serrated  toward  their  tips.  Color, 
brown. 
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Lower  California  to  San  Diego.  San  Diego  M.  B.  L.:  XVIII-l,  June 
12,  1901,  30  fathoms.  LI,  off  Pt.  Loma,  25  fathoms.  LXII-1,  July  20, 
1901,  17  fathoms.  LXVIII-1,  July  22,  1901,  30  fathoms.  Albatross:  March, 
1898,  San  Diego. 

Genus  Ophiothrix,  M.  T.  1842. 

Disc  set  with  thorny  grains  or  thorny  spines.  Radial  shields 
large,  triangular,  swollen.  Numerous  crowded  tooth  papillae 
forming  a  vertical  oval.  Teeth.  No  mouth  papillae.  Five  to 
ten  arm  spines  often  three  times  as  long  as  the  arm  joints. 
Usually  a  small,  spine-like  tentacle  scale.  The  base  of  the  jaw 
pierced  with  a  hole.  Interbrachial  spaces  swollen.  Two  genital 
openings,  beginning  outside  the  mouth  shield.  Outer  arm  joints 
with  hooks. 

Ophiothrix  spiculata  Le  Conte. 

Figs.  38,  39. 
Proc.  Acad.  N.  8c.  Phila.,  V,  p.  318,  1851. 

Diameter  of  disc  15  mm.  Length  of  arm  about  5^^  times 
diameter  of  disc.  Disc  including  radial  shields  covered  with 
thorny  spines.  Radial  shields  nearly  touching  above  base  of  arm. 
Tooth  papillae  in  a  linear  vertical  oval  with  a  vertical  row  in  the 
middle.  No  mouth  papillae.  Mouth  shields  compressed  radially. 
Side  mouth  shields  sub-triangular.  Genital  openings  beginning 
at  mouth  shield.  One  small  tentacle  scale.  Vertical  arm  plates 
a  little  broader  than  long.  Dorsal  arm  plates  pentagonal,  1% 
times  as  long  as  broad.  Seven  long,  serrated  arm  spines,  the  2nd 
or  3rd  being  longest  and  about  4i/^  times  the  length  of  arm  joint. 
Color,  greenish  brown,  sometimes  yellowish.  Arms  interrupted 
with  orange  bands.  A  cluster  of  orange  spots  near  base  of  each 
arm  on  upper  side  of  disc  and  internal  to  these  the  disc  is  spec- 
kled with  orange  (in  one  case  the  central  area  was  white  while 
the  rest  of  the  animal  was  colored  normally).  Mouth  region 
whitish. 

West  coast  of  Central  America  to  Pacific  Grove.  Shore  to  100  fathoms. 
Very  abundant.  San  Diego  M.  B.  L.,  stations:  VI,  San  P'edro,  outer  har- 
bor, 11  fathoms.  VIII,  San  Pedro,  harbor.  May  29,  1901.  XIV-2,  San 
Pedro,  about  100  fathoms.  XVI-2,  3,  San  Pedro,  9  and  13  fathoms. 
XVIII-1,  June  12,  1901,  30  fathoms.     XIX-5,  about  77  fathoms.     XXI-2, 
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June  20,  1901,  43  fathoms.  XXIII-2,  June  22,  1901.  XXVII-b.  XXVIII- 
a,  off  Isthmus  Harbor,  between  White  Bock  and  Fish  Harbor,  12-30  fathoms. 
XXX,  Potts  VaUey,  San  Pedro,  20  fathoms.  XXXV-a,  June  29,  1901,  30 
fathoms.  XXXVI-c.  XXXVIII-a,  25  fathoms.  XLVI-2,  56  fathoms.  L- 
1  and  2,  off  Pt.  Loma,  26  fathoms.  LXII-1,  17  fathoms.  LXVIII-1,  San 
Diego  Harbor.  San  Pedro,  Sta.  3,  June  21,  1895.  San  Pedro  Sta.  15,  June 
29,  1895.  Pacific  Grove.  On  kelp  roots  from  Portuguese  Bend,  June  1, 
1901.    San  Clemente.    Avalon,  1893.    San  Pedro  Harbor,  June  18,  1901. 

Smithsonian:  7474,  San  Diego  Bay,  Rosa  Smith.  12714,  Catalina  Har- 
bor, W.  H.  Dall,  January,  1874  (c  6),  40  fathoms.  12643,  Catalina  Harbor, 
W.  H.  Dall,  January,  1874  (c  7),  40  fathoms.  12722,  San  Diego,  Rosa 
Smith,  ac.  No.  14099.  12734,  GataHna  Harbor  (c  32),  U.  S.  N.  M.,  40-60 
fathoms. 

Albatross  stations:     3576.    3620,  San  Diego  Bay. 

Ophiothrix  rudis  Ly. 

Figs.  30,  31. 
Bull.  Mus.  Comp.  Zool.  Harvard,  III,  pt.  10,  p.  239,  pL  III,  1874. 

Diameter  of  disc  11  mm.  Length  of  arm  about  five  times 
diameter  of  disc.  Disc  covered  with  cylindrical  spines,  which 
bear  microscopic  thorns.  Radial  shields  bare.  Almost  touching 
without.  Numerous  tooth  papillae.  No  mouth  papillae.  Mouth 
shields  quadrilateral,  the  inner  angle  obtuse,  outer  angle  right 
and  lateral  angles  acute.  Side  mouth  shields  narrowed  and  sep- 
arated within.  Genital  openings  beginning  outside  mouth  shield. 
Tentacle  scale  similar  to  a  small  arm  spine.  Ventral  arm  plates 
quadrangular  with  comers  cut  off.  Dorsal  arm  plates  fan  shaped. 
Five  to  six  minutely  serrated  arm  spines  (including  tentacle 
scales),  the  first  (dorsal)  or  second  being  the  longest  and  about 
3y2  times  length  of  arm  joint,  the  rest  decreasing  in  length  down- 
ward. The  general  moss  green  color  and  character  of  the  spines 
makes  the  animal  resemble  seaweed.  Disc  above  green,  often 
with  reddish  or  bluish  tinge.  Radial  shields  sometimes  with  a 
few  red  or  orange  spots.  Arm  green  (often  yellowish)  above 
with  narrow  fuscous  and  broad  red  cross  bands;  almost  white 
below  with  broad  spines  usually  green.  Mouth  region  pale. 
Females  with  ripe  eggs  in  summer. 

Along  shore,  La  Jolla.  Salinas  Cove,  June  5,  1901.  San  Diego  Channel, 
June  18,  1901.  Smithsonian:  San  Diego.  (Henry  Hemphill),  No.  4.  7471, 
San  Diego,  C.  B.  Orcutt  (U.  S.  N.  M.,  ac.  No.  14530).  Albatross:  March 
15,  1890,  Pt.  Loma. 
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EXPLANATION  OF  PLATES. 


PLATE  1. 


Fig.  1.  Ophioderma  panamensis  Ltk.,  partial  dorsal  view. 

Fig.  2.  Ophiomusium  jolliensis  sp.  nov.,  partial  dorsal  view. 

Fig.  3.  Partial  ventral  view  of  same. 

Fig.  4.  Ophiamtuium  lymani  W.  Thos.,  partial  dorsal  view. 

Fig.  5.  Partial  ventral  view  of  same. 

Fig.  6.  Ophioplocus  esmarki  L7.,  partial  dorsal  view. 

Fig.  7.  Partial  ventral  view  of  same. 


[54] 


UNIV.   CALIF.    PUBL.  ZOOL  VOL.  6 


[MCCLENOON]  PLATE  I 


PLATE  2. 

Fig.     8.  Ophuira  kofoidi  sp.  nov.,  partial  dorsal  view. 

Fig.     9.  Partial  ventral  view  of  same. 

Fig.  10.  Amphiura  verrilli,  sp.  nov.,  partial  dorsal  view. 

Fig.  11.  Partial  ventral  view  of  same. 

Fig.  12.  Amphipholis  pugetana  Ly.,  partial  dorsal  view. 

Fig.  13.  Partial  view  of  same. 
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PLATE  3. 

Fig.  14.  Ophiocten  pacificum  L.  &  M.,  partial  dorsal  view. 

Fig.  15.  Partial  ventral  view  of  same. 

Fig.  16.  Ophi{icti8  arenosa  Ltk.,  partial  dorsal  view. 

Fig.  17.  Partial  ventral  view  of  same. 

Fig.  18.  Ophiacantha  normani  Ly.,  partial  dorsal  view. 

Fig.  19.  Partial  ventral  view  of  same. 
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PLATE  4. 

Fig.  20.  Amphipholis  puniarenae,  partial  dorsal  view. 

Fig.  21.  Partial  ventral  view  of  same. 

Fig.  22.  Amphiodia  barbarae  Ly.,  partial  dorsal  view. 

Fig.  23.  Partial  ventral  view  of  same. 

Fig.  24.  Ophiocnida  amphacantha,  sp.  nov.,  partial  dorsal  view. 

Fig.  25.  Partial  ventral  view  of  same. 
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PLATE  5. 

Fig.  26.  Ophiopholis  bakeri  sp.  nov.,  partial  dorsal  view. 

Fig.  27.  Partial  ventral  view  of  same. 

Fig.  28.  Ophiopteris  papillosa  Ly.,  partial  dorsal  view. 

Fig.  29.  Partial  ventral  view  of  same. 

Fig.  30.  Ophiothrix  rudis  Lv.,  partial  dorsal  view. 

Fig.  31.  Partial  ventral  view  of  same. 
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PLATE  6. 

Fig.  32.  Ophuira  lutXcni  Ly.,  partial  dorsal  view. 

Fig.  33.  Partial  ventral  view  of  same. 

Fig.  34.  Ophiocnida  hispida  Le  Conte,  partial  dorsal  \-iew. 

Fig.  35.  Partial  ventral  view  of  same.  • 

Fig.  36.  Ophionereis  annulata  Le  Conte,  partial  dorsal  view. 

Fig.  37.  Partial  ventral  view  of  same. 

Fig.  38.  Ophiothrix  spiculata  Le  Conte,  partial  dorsal  view. 

Fiif.  39.  Partial  ventral  view  of  same. 
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[Repriniedfrom  Science,  N.  &,  VoL  XXXIIL,  No. 
862,  PlageB  6t9-^30,  March  gl,  1911.] 


THB     RELATION     OF     PEBMEABIUTT     CHANGS     TO 
CLEAVAGE,  IN  THB  FBOG's   BGO 

Unfeetilized  eggs  (taken  from  the  uterus) 
of  the  wood  frog,  Rana  aylvatica,  were  caused 
to  assume  the  normal  orientation  in  the  jelly, 
and  to  segment,  by  electrical  stimulation. 
An  alternating  current  of  60  cycles  and  110 
volts  was  passed  through  the  tap  water  con- 
taining the  eggs,  from  platinum  electrodes 
about  two  inches  apart.  Stimulation  for  one 
second  seemed  to  give  the  best  results.  The 
eggs  were  placed  in  fresh  water  immediately 
after  stimulation. 

Similar  eggs  were  caused  to  segment  by 
mechanical  stimulation,  even  while  the  jelly 
remained  intact.  However,  the  most  reliable 
mechanical  means  of  inducing  cleavage  was 
found  to  be  Bataillon's  method  of  pricking  the 
egg  with  an  eztr^nely  fine  needle.  The  first 
cleavage  furrow  often  passed  through  the 
point  of  puncture. 

Thousands  of  eggs  were  operated  on.  Oon- 
trol  eggs  were  kept  to  both  sets  of  experiments, 
and  showed  no  segmentation  or  rotation  within 
the  jelly. 

The  following  indirect  evidence  is  given  to 
show  that  a  change  in  permeability  is  asso- 
ciated with  both  of  these  means  of  inducing 
cleavage : 

1.  These  "  stimuli,"  if  applied  in  greater  in- 
tensity or  duration  than  is  necessary  to  pro- 
duce cleavage,  result  in  rapid  osmotic  ex- 
change with  the  medium  and  death  of  the  egg. 

2.  Similar  electrical  and  mechanical  "  stim- 
uli "  produce  segmentation  in  the  sea-urchin's 
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eggy  a  process  which  I  have  shown  to  be  pre- 
ceded by  an  increase  in  i>ermeability. 

With  the  exception  of  the  rate  of  oxidation, 
this  change  in  permeability  is  the  only  known 
common  intermediate  step  between  fertiliza- 
tion or  artificial  '' stimulation/'  on  the  one 
hand,  and  cleavage  on  the  other.  Further- 
more, there  is  indirect  evidence  to  show  that 
increase  in  permeability  is  associated  with 
fertilization,  in  the  frog's  egg,  as  I  have  shown 
to  be  the  case  in  the  sea-urchin's  egg:  Back- 
man  and  Bonnstrom^  observed  that,  whereas 
the  osmotic  pressure  (freezing  point  lowering) 
of  the  ripe  ovarian  egg  of  the  frog  is  the  same 
as  that  of  frog's  serum,  the  osmotic  pressure 
of  the  fertilized  egg  is  the  same  as  that  of  the 
pond  water  in  which  it  lies.  Since  the  frog's 
egg  does  not  swell  enormously  after  oviposi- 
tion,  it  is  improbable  that  the  fall  in  osmotic 
pressure  is  due  to  the  absorption  of  water. 
The  simplest  explanation  is  that  the  egg  is,  at 
this  time,  permeable  to  the  internal  osmotic 
substances.  That  this  permeability  is  only  a 
temporary  condition  is  indicated  by  the  fact 
that  the  osmotic  pressure  of  the  resulting 
embryo  rises  until  it  reaches  that  of  frog's 
serum. 

In  conclusion,  I  wish  to  thank  the  Carnegie 
Institution,  and  especially  Dr.  Chas.  B.  Daven- 
port, the  director  of  the  laboratory. 

J.  fI  McClendon 
Station  for  Exfkbiiizntal  EtlmnoN, 
Cold  Spbino  Hakbor, 
Long  Island,  N.  T., 
April  3,  1911 

^Biochem.  ZeiUchr.,  1909,  XXII.,  390. 
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(From  the  Histological  Laboratory  of  Cornell  University  Medical  College, 

New  York  City.) 

Bin  Versuch, 

amoboide  Bewegung*   als  Folgreerscheinung' 

des  w^echselnden  elektrlschen  Polarisatlons- 

zustandes  der  Plasmahaut  zu  erklftren. 

Von 
J.  F.  HcCleHdOK. 


(Mit  4  Teztfiguren.) 


Nach  der  Ansieht  vieler  Autoren  werden  am5boide  Bewegungen 
durch  AnderuDgen  der  Spannung  der  Oberflftche  hervorgerufen. 
Dieser  SpannungszuBtand  der  Oberflftche  kann  entweder  eine  echte 
Oberflftchenspannung  oder,  nach  Rhumbler^)  zuweilen  eine  Spannung 
des  Ektoplasmas  als  Folge  von  Wasserverlust  („Gelatinierungsspannung 
Oder  Gelatinierungsdruck")  sein.  In  dieser  Mitteilung  soil  nur  von 
echter  Oberflftchenspannung  die  Rede  sein. 

Lftssi  man  Kaliumbichromat  gegen  einen  Tropfen  Quecksilber 
in  verdQnnter  Salpeters&ure  difiiindieren ,  dann  sendet  der  Queck- 
silbertropfen  von  der  Stelle,  die  zuerst  mit  dera  K2Cr04  in  Be- 
rQhrung  tritt,  einen  am5boiden  Fortsatz  aus.  Es  findet  n&mlich 
unter  Verminderung  der  Oberflachenspannung  eine  Bewegung  der 
[lusseren  Schichten  von  dem  Bichromat  weg  und  eine  solche  der 
inneren  gegen  das  letztere  zu  statt.  Ahnliche  Str5mungen  wurden 
bei  der  Bewegung  vieler  Am5ben  beobachtet.  Hier  verursachen  die 
RQckstr5mungen  an  der  OberflAche  und  die  VorwS,rtsstrdmungen  im 
Inneren  naturgemftss  einen  allm&hlichen  Austausch  von  Ekto-  und 
Endoplasma.   Dieser  Vorgang,  den  Rhumb ler  den  „Ektoendoplasma- 


1)  L.  B  h  u  m  b  1  e  r ,  Zur  Theorie  der  Oberflachenkrftfte  der  AmOben.  Zeitschr . 

f.  wissensch.  Zool.  Bd.  83,  S.  1.    1905. 
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prozess  nennt,  ist  schon  vor  Jahren  von  Wallich  und  Montgomery') 
(1979,  1881)  beobachtet  worden. 

Nach  Jennings^)  findet  ein  derartiges  Abfliessen  der  vor- 
geschobenen  Oberflache  nicht  bei  alien  Amdben  statt.  Doeh  liesse 
sich  dessen  Ausbleiben  in  solchen  F&llen  durch  die  Annahme  einer 
zftheren  Plasmahaut  und  Alveolarwandsubstanz  des  Protoplasmas 
genQgend  erkl&ren.  Das  oberflftchliche  Abfliessen  w&re  dann  teilweise 
auf  die  einzelnen  Alveolen  beschr^nkt.  Rh  urn  bier  jedoch  erklllrt 
dieses  Ausbleiben  der  oberfl&chlichen  StrOmungen  auf  Grund  von 
Berthold's  Theorie  dahin,  dass  die  Fortbewegung  der  Aih5be  durch 
einseitiges  Anhaften  an  der  Unterlage  hervorgerufen  wird. 

Zweifellos  hat  die  Plasmahaut  einen  Einfluss  auf  den  Mechanis- 
mus  der  Bewegung.  Nach  Quincke  ist  dieselbe  ein  Fett-,  nach 
Overton  ein  lipoides  H&utchen,  doch  ist  ihre  wirkliche  Zusammen- 
setzung  noch  nicht  sichergestellt.  Sie  ist  in  Wasser  unldslich,  je- 
doch fQr  Wasser  und  andere,  namentlich  lipoidl5sliche  Substanzen 
durchl&ssig.  Das  Gytoplasma  lebender  Zellen  oder  Eier  enth^t 
Lipoideiweissverbindungen ,  die  in  Wasser  nicht  15slich  sind,  sich 
aber  bei  BerQhrung  mit  Wasser  unter  Freiwerden  von  Lipoiden  zu 
zersetzen  scheinen  [McClendon*),  1 910] .  Nach  dem  G i b b s ' scben 
Prinzip  sammeln  sich  diese  Lipoide  an  der  Oberflftche  und  bilden 
eine  Schicht,  die  eine  weitere  Zersetzung  der  Lipoideiweisverbindungen 
verhindert.  Dieses  lipoide  H&utchen  ist  unter  gew5hnlichen  Um- 
std.nden  von  ultramikroskopischer  Dicke ;  wird  hingegen  dem  Wasser 
etwas  Alkohol  zugefttgt,  so  kann  unter  UmsUlnden  ein  verbaltnis- 
m&ssig  dickes  H&utchen  auf  der  Oberfl&che  (z.  B.  von  Huhnerei- 
dotter)  geformt  werden. 

Dass  die  Plasmahaut  der  Amobe  fQr  Anionen  weniger  durchlftssig 
zu  sein  scheint  als  fQr  Kationen,  ist  eine  Vermutung,  die  durch  zwei 
Tatsachen  nahegelegt  wird: 


1)  E.  Montgomery,  Elementary  Functions  and  Primitive  Organization  of 
Protoplasm.  St.  Thos.  Hos.  Repts.,  London  1878,  n.  s.  IX.  1878.  —  Zar  Lebre 
von  der  Muskelkontraktion.  II.  Die  amoboide  Bewegung.  Pflttger's  Arch. 
Bd.  25  S.  499. 

2)  H.  S.  Jennings,  Contributions  to  the  Study  of  the  Behavior  of  Lower 
Organisms.   VI.    Publ.  Carnegie  Instit.  Washington  Nr.  16  p.  129.   1904. 

3)  J.  F.  McClendon,  Dynamics  of  Cell  Division.  II.  Americ.  Joum. 
of  Physiol,  vol.  27  p.  240.    1910. 
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1.  Wird  durch  einen  Wassertropfen ,  in  dem  eine  Amobe 
sehwebt,  ein  schwacher  elektrischer  Strom  geleitet,  so  wandert  das 
Tier  passiv  gegen  die  Anode. 

2.  Wird  ein  starker  elektrischer  Strom  durch  das  Wasser  ge- 
leitet, dann  beginnt  der  Zerfall  der  Amdbe  am  anodalen  Pol. 

Der  zerstdrende  Einfluss  eines  elektrischen  Stromes  auf  lebendes 
Gewebe  ist  yielleicht  die  Folge  einer  Anh&ufung  von  lonen,  die  in 
ihrer  freien  Bewegung  durch  gewisse  Gcwebsstrukturen  behindert 
werden.  Da  nun  an  der  Amdbe  die  Zerstoningserscheinungen  zuerst 
an  der- Obferflache  auftreten,  so  dllrfte  die  Plasmahaut  f&r  eine  Be- 
bindening  der  lonenwanderung  verantwortlich  zu  macben  sein;  die 
lonen  wtirden  sich,  da  sie  die  Plasmahaut  nicht  leicht  passieren 
•kdnnen,  hinter  derselben  anh&ufen,  und  diese  Anh&ufung  wQrde  die 
sichtbaren  Erscheinungen  des  Zerfalies  hervorrufen. 


Fig.  1.  Scbematische  Darstellung  des  Einflusses  eines  elektrischen  Stromes  auf 
eine  Amdbe.  A  =  Anode.  K  =»  Kathode.  Der  grosse  Kreis  stellt  die  Plasma- 
bant  dar,   die  kleinen  Kreise  lonen  mit  ihrer   entsprechenden  Ladung.     Die 

Pfeile  deaten  die  Bewegungsrichtong  der  lonen  an. 


Der  Zerfall  der  oberfl&chlichen  Schichten  tritt  nicht  an  beiden 
Polen  der  Amdbe  gleichzeitig  auf,  sondem  zun^hst  nur  an  der 
Anode,  so  dass  es  den  Anschein  hat,  als  ob  die  Plasmahaut  der 
Durchwanderung  der  Anionen  einen  grOsseren  Widerstand  entgegen- 
setzt  als  der  der  Kationen.  Die  Fig.  1  stellt  diese  Annahme 
schematisch  dar.  Der  grosse  Kreis  repr&sentiert  die  Plasmahaut,  die 
kleineren  die  lonen,  deren  Ladung  durch  +  oder  —  bezeichnet  ist 
Die  Bewegungsrichtung  der  lonen  ist  durch  Pfeile  angedeutet.  Die 
positiven  lonen  scheinen  die  Amobe  ungehindert  zu  passieren,  w&hrend 
die  negativen  ausserhalb  des  Zelleibes  denselben  leicht  umgehen 
kdnnen.  Jene  negativen  lonen  jedoch,  die  im  Protoplasma  ein- 
gesperrt  sind,  scheinen  die  Oberhaut  nicht  passieren  zu  k5nnen, 
stauen  sich  daher  hinter  derselben  und  rufen  dann  die  gewissen 
Auf  Idfiungserscheinungen  hervor* 
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Wird  jedoch  ein  Strom,  der  zu  schwach  ist,  um  das  Plasma  za 
zerstdren,  durch  das  Wasser  geleitet,  dann  wandert  die  AmObe  passi? 
gegen  die  Anode,  eine  Beobachtung,  die  Hi rsch f eld's ^)  (1909)  An- 
nahme  einer  positiven  Ladung  derselben  nicht  best&tigt.  Diese 
passive  Wanderung  der  Amdbe  kdnnte  in  folgender  Weise  erkl&rt 
werden.  Im  Innem  derselben  wird  ununterbrochen  ein  Elektrolyt 
erzeugt,  dessen  Anionen  die  Plasmahaut  nicht  passieren  kOnnen. 
Diese  geben  der  Am5be  eine  negative  Ladung,  so  dass  das  Tier, 
wenn  ein  Strom  durch  das  Wasser  geleitet  wird,  gegen  die  Anode 
gezogen  wird. 

Da  unter  alien  Elektrol jten ,  die  unter  solchen  Umst&nden  er- 
zeugt werden  kOnuten,  die  Kohlens&ure  wohl  der  ausgiebigste  ist, 
dttrfte  deren  Gegenwart  den  oben  gestellten  Forderungen  genflgen. 


^  ,  Fig.  2.  Schematische  Darstellang  des  elektrischen  Polarisatioiiszustaiides 
der  AmObenoberflacbe  ais  Kesoltat  eioer  relativen  Undurchi&saigkeit  der 
Plasmahaut  fklr  die  Anionen  der  Kohlens&ure.     Zeichen  wie  in  Fig.  1. 

£s  ist  allerdings  wahr,  dass  das  elektrolytische  Dissoziationsverrndgen 
der  Kohlens&ure  sehr  gering  ist.  Dies  wttrde  dann  eben  eine  starke 
Konzentration  derselben  ndtig  machen,  die  m5glicherweise  in  der 
Zelle  existiert.  Wir  kdnnen  nun  annehmen,  dass  die  H+-Ioneu  aus 
der  Amdbe  herauswandem  kdnnen,  wahrend  die  HC07-  und  CO7- 
lonen  innerhalb  derselben  zurQckgehalten  werden  und  ihr  die  n5tige 
negative  Ladung  geben.  Diese  Scheidung  der  lonen  wtirde  noch  durch 
die  grOssere  Schnelligkeit,  mit  der  die  H+-Ionen  durch  dais  Plasma 
wandern,  gefdrdert.  Die  Anionen  im  Inneren  und  jene  Kationen, 
die  durch  sie  auf  der  Oberflache  zurttckgehalten  werden  (Fig.  2), 
bewirken  eine  Polarisation  der  letzteren,  &hnlich  dem  Lippmann- 
schen  Ph&nomen  im  Kapillarelektrometer.  Infolge  dieser  Polarisation 
muss  die  OberflUchenspannung  eine  geringe  sein,  wie  es  tats&chlich 


1)  L.  Hirschfeld,  Ein  Yersuch,  einige  Lebenserscheinungen  der  Amdben 
physikalisch-chemisch  zu  erkl&ren.  Zeitschr.  f.  allgem.  Physiol.  Bd.  9  S.  529.  1909. 
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die  Beobachtung  lehrt  Obzwar  die  Oberfl&che  einer  Am5be  in5g- 
licherweise  aus  Lipoiden  besteht,  besitzt  das  Tier  eine  viel  geringere 
Oberfl&chenspaunung  als  ein  Oltropfen  im  Wasser. 

Unter  solchen  Umst&DdeD  wtlrden  amOboide  Bewegungen  durcb 
drtliche  Veranderungea  der  OberflachenspannuDg  erzeugt,  die  ihrer- 
seits  eine  Folge  der  wechselnden  Oberflachenpolarisation  sind. 
W&hrend  die  C07-Ionen  vielleicht  nicht  leicht  passieren  kOnnen 
und  die  Kationen  unter  ihrem  Einflusse  zum  Teil  zurQckgehalten 
werden ,  kOnnten  andererseits  die  nicht .  dissoziierten  MolekOle  als 
CO9  auswandem,  da  CO2  in  Lipoiden  loslich  ist.  Der  Polarisations- 
zustand  kOnnte  dann  nur  so  lange  aufrechterhalten  werden,  als  COa 
innerhalb  der  Am5be  in  gleichem  Maasse  erzeugt  wird,  als  sie  aus- 
wandert  Wilrde  an  irgendeiner  Stelle  die  Kohlens&urebildung 
steigen  oder  fallen,  dann  wtlrde  die  gleichzeitige  Polarisations^ 
yer&nderung  des  nftchstliegenden  Teiles  der  Oberflftche  spontane  Be* 
wegung  erzeugen.  Die  Kohlensfturebildung  wird  vielleicht  zeitweise 
durch  &U8sere  Bedingungen  beeinflusst,  z.  B.  durch  Substanzen, 
die  Yon  anderen  Organismen  in  das  Wasser  abgegeben  werden.  Eine 
ErbOhung  der  GOa-Bildnng  wilrde  dann  positiven  Tropismus  hervor- 
bringen. 

Andererseits  wilrde  eine  Erhdhung  der  Durchlftssigkeit  der 
Plasmahaut  eine  Herabsetzung  der  Polarisation  derselben  zur  Folge 
haben.  In  einer  Mheren  Arbeit  (1910)  babe  ich  eine  Reihe  von 
Agentien  aufgez&hlt,  die  die  Durcblftssigkeit  der  Plasmahaut  f(lr 
Anionen  erb5hen.  Dieselben  Agentien  bewirken  auch  in  der  Amdbe 
eine  ErbOhung  der  Oberfl&chenspannung,  die  sich  in  einer  grOsseren 
Abrundung  des  KOrpers  &ussert.  Wird  die  AmObe  nur  auf  einer 
Seite  von  diesen  Agentien  beeinflusst,  dann  zeigt  sie  negativen 
Tropismus.  Negativer  Tropismus  kann  dadurch  erkl&rt  werden,  dass 
die  ihn  bewirkenden  mechanischen,  thermischen,  chemischen  u.  dgl. 
Einflilsse  die  Plasmahaut  an  der  der  Einwirkung  n^chstgelegenen 
Stelle  auflockem;  der  daraus  resultierende  Verlust  an  Polarisation 
unter  gleichzeitiger  ErbOhung  der  Oberflachenspannung  veranlasst 
die  AmObe,  sich  von  dem  schlldlichen  Einfluss  zurilckzuziehen. 

Der  Teil  der  Oberflache,  an  dem  die  Plasmahaut  ver&ndert 
•worden  ist,  bleibt  aber  nicht  depolarisiert,  da  er  seine  frllhere  Un- 
durcfalSssigkeit  zurtlckerb&lt,  sobald  sich  die  AmObe  dem  schadigenden 
Fiinflnsa  entzogen  hat. 

Die  Polarisation  ist  nicht  der  einzige  Faktor,  der  die  Ober- 
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fl£LehenspaaDUDg  zu  ver&ndera  vermag,  Es  i$t  z.  B.  eiae  bekannte 
Tatsache,  dass  Seifen  die  Oberfl&chenspaimuDg  an  Lipoiden  ver- 
mindern.  Wenn  nun  die  Plasmabaut  aus  Lipoiden  bestebt,  soUte  man 
[mit  Batschliy  J.  Loeb,  Robertson,  Michaelis  a.  a.]  ver- 
muten,  dass  Seifen  eine  Herabminderung  der  Oberflachenspannang 
an  der  lebenden  Zelle  bewirken;  doch  babe  ich  das  gerade  Gegen- 
teil  beobachtet.  Eine'  Kapilljirrdhre  wurde  mit  fester  Seife  oder 
Seifenldsungen  von  verschiedeqer  Konzentration  gefOllt  und  roittels 
der  „mechaniscben  Hand "  [McClendon*),  1909J  so  weit  in  Wasser 
eingetaucbty  bis  ibpe  feine  Oifnung  ganz  in  die  K^he  einer  grossen 
Amoeba  proteus  kam.  Das  Tier  zeigte  immer  deuUichen  nega- 
tiven  Chemotropismus ,  in  dem  e&  rasch  von  der  Seife,  die  aus  der 
KapiUarrdhre  heraussickertO;  wegwanderte.  Manchmal  war  die  Be- 
wegung  nicht  rasch  genug,  um  das  Leben  des  Tieres  zu  retten. 
Leider  konnte  der  genaue  Zeitpun^t,  an  dem  die  ersten  Seifen- 
molekale  die  Amdbe  drreichteu;  nicht  bestimmt  werden.  So  liess 
sicb  daher  auch  nicht  feststellen,  ob  ein  kurzdauemder  Yorstoss  des 
Tieres  gegen  die  Seifenldsung  ^u,  wie  er  manchmal  beobachtet  wurde, 
als  eine  ^Beiz-''  oder  spontane  Bewegung  aufzufassen  sei,  Aufjeden 
Fall  kOnnen  wir  schliessen,  dass  der  haupts&chlichste  Einfluss»  den 
die  Seife  auf  die  Amdbe  ausQbt,  geeignet  ist,  die  Durchl&ssigkeit  der 
Oberflftche  far  Anionen  zu  erhdhen,  da  das  Tier  negativen  Tropis- 
mus  zeigt. 

In  einer  kClrzlich  erschienenen  interessanten  Arbeit  ttber  die 
RoUe  der  verschiedenen  Kolloidalzust&nde  der  Oberfl&che  der  Amdben 
bei  Nahrungsaufnahme  kam  Rhumbler^)  (1910)  zu  dem  Schluase, 
dass  die  Annahme  einer  festen,  elastischen  und  relativ  dicken  Oberr 
fl&chenschicht  notwendig  ist,  um  jene  Form  der  Nahrungsaufnahme 
zu  erkl&ren,  dass  er  „Circumvallation''  nennt  Er  vermutet,  dass 
^Cireumvallation"  durch  eine  ortliche  Aufldsung  der  halbfesten  Ober- 


1)  J.  F.  McClendon,  Protozoan  Studies  L    Reactions  of  Amoeba  Proteu^^ 

to    Minutely    Localized    Stimuli.     Journ.    of   exper.    Zool.    vol.  6    p.  265. 

Autoreferat   iiber  vorstehende    Abhandlung    in    Arch.    f.   fintwicklongsmechanil^^ 
Bd.  37  S.  328.    1909.  —  The  Reaction   of  Amoeba   to   Stimuli   of  SmaU  Area.-^ 
Americ.  Journ.  Physiol,  vol.  21.    1908.     Proc.  Americ.  Physiol.  Soc.  1907  p.  13^ 

2)  L.  Rhumbler,  Die  verschiedenartigen  Nahrungsaufnahmen  beiArndbeo. 
als  Folge  verschiedener  Kolloidalzustande  ihrer  Oberflachen.  Arch.  f.  Entwicklungs- 
mechanik  Bd.  30  S.  194.    1910. 
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Siehensehicht  durch  einen  von  der  Beute  ausgellbten  „Reiz"  ein- 
gdeitet  wird  *). 

Es  gibt  jedoch  eine  Art  der  Nahrungsaufnahme,  die  der  ,Gircum-   ' 
vallatioii"  zwar    verwandt,    aber  in   folgender   Weise   durch   Ver- 
ILDderuDgen  der  Oberfl&cheDspannung  erkl&rlich  ist:  wenn  z.  B.  eine 


^^^9        ^^"w^ 


^^^^     ^\\\V^V\VV\<? 


%  3.  SchematiBche  Darstellung  der  Nahniugsaufnahme  einer  AmObe.  Die 
^e  deuten  die  RichtuDg  an,  in  der  eine  £rh6hung  der  Oberflacheuspannung 
^olgt,  Der  kleine  Kreis  stellt  eine  Algenzelle  dar.    ^--A:  =  Querscbnitte  durcn 

den  Plasmaring  der  Figuren  e — {. 

Amoeba  proteus  sich  jn  der  N&he  einer  Algenzelle  befindet 
^g'  3  a),  dann  bewirken  auf  Grund  nieiner  frtlheren  Voraussetzungen 


1)  Ya  ist  zweifellos,  dass  eine  feste  Oberfl&che  die  Nahrungsaufhahme  der 
tmdbe  nicbt  verbindert.  Scbaudinn  (1899)  (Generationswechsel  von  Tricbo- 
)Iiaeriiim  Sieboldi.  Anbang  d.  Abbandl.  Berliner  Akad.  d.  Wissenscb.  1899 
I)  beobacbtete  die  Aufnabme  von  fester  Nabrung  bei  Tricbospbaerium 
eboldi,  dessen  Edrper  von  einer  Gallertbtdle  umgeben  ist,  in  die  zablreicbe 
liir  gestellte  St&bcben,  MgCOg,  eingebettet  sind.  Eine  zmn  mindest  balbstarre 
erflacbeoBchicht  ist,  wie  Rb  am  bier  beweist,  sogar  notwendig,  urn  die 
immgBaafinabme  dorch  ^Invagination^  zu  ermdglicben. 
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Stoffe,  die  aus  der  Zelle  ausgeschieden  warden,  eine  Steigening  der 
GOg-Erzeugung  im  nftchstliegenden  Teil  des  AmObeDleibes ;  deim  die 
Am5be  breitet  sich  gegen  die  Alge  aus.  Manchmal  rollt  sie  die 
letztere  sogar  etwas  vor  sicih  her  (Fig.  3  b).  Die  BerQhning  mit  der 
Alge  Oder  die  sUrkere  Konzentration  der  reizenden  Substanzen  ver- 
ursacht  eine  lokale  Erhdhung  der  Durchlassigkeit  und  der  Spannung 
eines  Teiles  der  Plasmahaut,  welcher  das  Feld  verminderter  Spannong 
durchschneidet  (Fig.  3  c).  Die  seitlichen  Partien  schieben  sich  nun 
weiter  nach  vome,  bis  sie  die  Beute  ganz  umgeben  (Fig.  3(2)  und  sich 
dann  vor  derselben  vereinigen  (Fig.  3e).  Die  Beute  ist  dann  von 
einem  Protoplasmaring  eingeschlossen.  Die  Oberfl&chenspannung  be- 
strebt  nun  eine  Verkleinerung  des  letzteren.  Manchmal  kaon  der 
dabei  von  alien  Seiten  einwirkende  Druck  ein  Herauspressen  der 
Beute  nach  oben  zur  Folge  haben,  so  dass  die  Nahrungsaufnahme 
misslingt.  Unter  ganstigen  Bedingungen  hingegen  schliesst  sich  der 
Ring  fiber  und  unter  dem  Fremdk5rper ,  wie  es  im  Querschnitt  in 
Fig.  Sg  und  h  dargestellt  ist;  gleichzeitig  wird  auch  etwas  Wasser 
mit  der  Beute  eingeschlossen,  und  zwar  dfirfte,  wenn  die  AmObe  an 
der  Unterlage  anhaftet,  etwas  mehr  Wasser  eingeschlossen  warden. 
Diese  Methode  der  Nahrungsaufnahme  nimmt  eine  Zwischen- 
stellung  zwischen  Rhumbler*s  Elassen  „Circumfluenz^  und  „Circum- 
vallation''  ein,  indem  die  AmObe  in  Berilhrung  mit  der  Beute  kommt, 
zugleich  aber  Wasser  mit  der  Nahrung  aufnimmt. 

Versuche,  die  ich  an  Seeigeleiem  untemommen  habe,  unter- 
sttitzen  meine  Ausfllhrungen.  Dass  Eier  am5boide  Bewegungen  aus- 
fahren  kdnnen,  ist  eine  bekannte  Tatsache.  Prowazek^)  (1903) 
beobachtete  an  Seeigeleiern ,  die  in  die  KOrperflllssigkeit  einer 
Annelide  gelegt  wurden,  aktive  Bewegungen;  ein  Ei  nahm  eine 
„Elaocyte"  in  sich  auf. 

Wenn  ein  allmahlich  starker  werdender  elektrischer  Strom  durch 
eine  isotonische  Zuckerldsung  geleitet  wird,  die  Seeigeleier  enthalt, 
so  muss  man  eine  ErhOhung  der  Polarisation  in  dem  der  Anode 
nachstgelegenen  Teile  der  Plasmahaut  erwarten,  da  die  Anionen,  die 
hinter  der  Membran  zurtickgehalten  werden,  eine  Anhaufung  der 
Kationen  an  der  Aussenseite  hervorrufen  (Fig.  4  a).    Die  Anionen 


1)  Prowazek,  Studies  zur  Biologie  der  Zelle.    Zeitschr.  f.  aUg.  PhysioL 
Bd.  2  S.  385.    1903. 
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des  Wassers  kdnnen  das  Ei  umgehen,  w£Lhrend  die  KatioDen  es 
durchwandern.  Die  ErhQhung  der  Polarisation  muss  eine  Herab- 
setzuDg  der  Oberfl^henspannung  und  damit  eine  Ausdehnung  der 
Eioberflache  gegen  die  Anode  zu  veranlassen.  Zahlreiche  Beobach- 
tuDgen  beslMigten  rliese  Vermutung,  indeni  das  Ei  unter  den  ge- 
stellten  Bedingungen  jedesmal  ein  oder  mehrere  Pseudopodien  gegen 
die  Anode  ausstreckte.  In  einigen  Fallen  wurde  auch  ein  Abiiiessen 
der  oberflacblichen  Schichten  bemerkt. 

Deis  beschriebene  Pbanomen  war  von  sehr  kurzer  Dauer,  da  das 
vorgestreckte  Gytoplasma  bald  zu  desintegrieren  begann  und  osmo- 


Fig.  4.    Schematischer  Versuch,  den  Tropismus  der  AmObe  gegen  die  Katbode 

2U    erkl&ren.     Zeicben   wie  in   Fig.   1.     (In   der  Amdbe  &as8ert  sicb  Galvano- 

tropismus  an  der  Katbode,  Katapborese  an  der  Anode.) 

tische  Erscheinungen  die  Bewegungen  auf  Grund  der  Spannuns:s- 
differenzen  verhQllten.  Der  Zersetzungsprozess  wurde  wahrscheinlich 
durch  die  Auhaufung  der  Anionen  eingeleitet. 

Wfthrend  in  einem  schwachen  Strom  das  Seeigelei  Pseudopodien 
f^egen  die  Anode  ausstreckt,  zeigt  die  AmObe  Tropismus  nach  der 
Kathode.  Ein  starker  Strom  aber  verursacht  in  beiden  Formen  eine 
Zersetzung  am  anodalen  Pol.  Diese  Tatsache  scheint  anzudeuten, 
dass  die  Verminderung  der  Oberfl£Lchenspannung  und  der  Zerfall  des 
Plasmas  im  Seeigelei  durch  ahnliche,  in  der  Am5be  aber  durch  ent- 
gegengesetzte  Faktoren  hervorgerufen  werden.  Doch  kann  dieser 
anscheinende  Widerspruch  dadurch  erklart  werden,  dass  auch  in  der 
Am5be  die  Polarisation  des  anodalen  Poles  steigt;  bevor  jedoch  ge- 

PflQger'fl  ArchiT  fdr  Physiolo^e.   Bd.  140.  29 
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nQgend  Zeit  yeretreicht  i*  um  eitie  Bewegung  auszufQhren,  wiM  die 
Plasmahaut  zentdrt,  «o-  dass  der  Polarisationsgrad  dieser  Stelle  outer 
das  Normale  der  Qbrigen  Oberflftche  sinkt  (Fig.  4  ft).  Der  Scbluss- 
effekt  dee  Stromes  wftre  somit  verminderte  Polarisation  der  anodalea 
Oegend^  und  die  AmObe  wandert  gegen  die  Kathode. 

Die  erbOhte*  Durchlftssigkeit  eines  Teiles  der  Plasmahaut  wUrde 
die  Polarisation  der  gesamten  Oberflftche  etwas  herabsetzen,  da  die 
Anionen  jenen  weniger  dichten  Tell  durchwandem  k5nnten.  Doch 
wird  in  der  AmObe  ununterbrochen  COsorzeugt  und  wahrscheinlich 
um  so  energischer,  je  sehneller  sie  weggeschafft  wird,  wie  es  ja  bei 

■ 

alien  Endprodukten  chemischer  Vorgftnge  der  Fall  ist  Aus  diesem 
Grunde  dQrfte  die  Polarisation  des  nicht  desintegrierenden  Teiles 
der  Oberflftche  sehr.wenig,  wenn  Qberhaupt,  herabgesetzt  werden. 

Der  Potentialabfall  zwischen  den  beiden  Seiten  jenes  Teiles-  der 
Plasmahaut,  der  der  Kathode  zunfichst  liegt,  ist  entgegengesetzt  dem 
Potentialabfall,  der  an  jener  Stelle  von  den  Elektroden  erzeugt 
wQrde  (Fig.  4b).  Man  mussdaher  annehmen,  dass  die  normale 
Polarisation .  der  Plasmahaut  einem  Potentialabfall  entsprichty  der 
st&rker  ist  als  •  der  des  umgebenden  Wassers ,  da  sonst  der  erstere 
durch  den  letzteren  unterdrQckt  wQrde. 
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THE  INCREASED  PERMEABILITY  OF  STRIATED  MUSCLE 

TO  IONS  DURING  CONTRACTION. 

By  J.  F.  McCLENDON. 

[From  the  Emhryological  Laboraiary  of  Cornell  UnivarsUy  Medical  College, 

New  York  CUy,\ 

A  CCORDING  to  the  membrane  theory  of  Bernstein,^  the  muscle 
-^^  fibre  is  surroimded  by  a  plasma  membrane  or  surface  fihn, 
allowing  easier  exit  to  one  or  more  classes  of  kations  than  to  the  corre- 
sponding anions.  The  kations  of  some  electrolyte  which  is  more  con- 
centrated within  than  without  come  through  the  surface  film  and  give 
the  surface  a  positive  electric  charge.  Destruction  or  alteration  of 
this  film  or  membrane  causes  a  negative  variation  (the  affective  sur- 
face being  less  positive  than  the  normal  surface). 

It  has  been  suggested  that  potassium  ions,  which  are  more  concen- 
trated within  the  muscle  than  in  the  blood  plasma,  give  the  muscle 
the  positive  charge.  However,  one  should  then  expect  a  reversal  of 
the  electric  effects  by  placing  muscle  in  an  isotonic  solution  of  potas- 
sium salts.  This  was  shown  by  Hober  ^  and  Overton '  not  to  occur. 
R.  Lillie  ^  suggests  that  lactic  and  carbonic  acids  are  the  electrolytes 
in  question,  and  the  H  ions  give  the  muscle  surface  the  positive  charge. 
The  difficulty  with  this  view  lies  in  the  fact  that  muscle,  as  shown  by 
Overton,  is  in  general  permeable  to  substances  soluble  in  many  oils. 
It  seems,  therefore,  that  this  question  is  not  settled. 

If  the  negative  variation  or  "action  current"  of  muscle  is  due  to 
increased  permeability  to  any  ions,  we  should  expect  increased  electric 
conductivity  on  contraction.    It  has  long  been  known  that  the  electric 

^  Bernstein:  Archiv  fUr  die  gesammte  Physiologie,  1902,  xcii,  p.  521. 
'  Hobee:  Archiv  fiir  die  gesammte  Physiologie,  1905,  cvi,  p.  607. 
'  Overton:  Sitzungsberichtederphysikalisch-medizmischeGesellschaft,Wiirz- 
burg,  1905,  p.  2. 

^  LnxiE:  This  journal,  1909,  xxiv,  p.  14;  191 1,  xxviii,  p.  197. 
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conductivity  of  muscle  increases  at  death.  Du  Bois  Reymond  ^  ex- 
plained the  electric  resistance  of  living  muscle  by  the  presence  of  mem- 
branes, which  become  altered  (permeable)  at  death.  He  showed  that 
muscle  becomes  polarized  on  the  passage  of  an  electric  current.  It 
seems  to  me  that  Kodis  ®  and  Galaeotti  ^  take  a  step  backward  in 
attributing  the  increased  conductivity  of  dead  muscle  to  the  libera- 
tion of  ions.  Galaeotti  tried  to  support  his  view  by  determinations 
of  the  freezing  points  of  living  and  dead  muscle,  but  found,  on  the 
contrary,  that  the  change  in  electric  conductivity  did  not  correspond 
to  the  change  in  the  osmotic  pressure. 

I  have  not  found  in  the  literature  a  clear  statement  that  the  elec- 
tric conductivity  of  muscle  has  ever  been  measured,  actually,  during 
contraction.  The  contraction  period  (about  one  fifth  of  a  second  for 
frog's  muscle)  is  too  short  for  an  accurate  measurement  of  conduc- 
tivity to  be  made.  Therefore  I  decide  to  measure  the  conductivity 
during  tetanus. 

Experiments. 

Platinum  electrodes  similar  to  those  designed  by  Galaeotti  were 
used.  These  were  "platinized"  with  a  solution  of  platinic  chloride 
containing  a  trace  of  lead  acetate.  Since  the  muscle  was  in  contact 
with  the  electrodes,  there  was  danger  of  rubbing  oflf  some  of  the 
platinum  black.  I  found  that  the  black  adhered  moi;p  strongly  if  the 
electrodes  were  previously  roughened  by  coating  with  platinum  black 
and  then  heating  in  a  flame. 

The  method  of  Kohlrausch  was  used  to  measure  the  conductivity. 
The  smallest  sized  induction  coil  made  for  such  experiments  was  fitted 
with  a  rheostat  in  the  primary,  and  only  just  enough  current  was  used 
as  is  required  to  work  the  interrupter.  A  second  rheostat  was  inserted 
in  the  secondary,  and  the  current  could  be  reduced  until  it  was  not 
felt  when  passed  through  my  tongue. 

The  muscles  of  the  frog's  thigh  were  used.  They  were  placed 
between,  and  with  the  fibres  parallel  to,  the  electrodes,  and  the  latter 
pressed  together  until  the  muscle  bulged  out  on  all  sides.    The  elec- 

*  Du  Bois  Reymond:  Untersuchungen  iiber  ticrische  Electricitat,  1849. 

•  KoDis:  This  journal,  1901,  v,  p.  267. 

'  Galaeotti:  Zeitschrift  fUr  Biologic,  1902,  n.  F.  xxv,  p.  289,  and  1903,  xzvii, 
p.  65. 
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trodes  were  then  fixed  rigidly  in  position  and  the  preparation  placed 
in  a  moist,  constant  temperature  chamber. 

The  conductivity  of  the  muscle  was  measured  with  too  little  cur- 
rent to  cause  contraction.  Then,  by  cutting  out  resistance  in  the 
secondary  circuit,  enough  current  was  passed  to  throw  the  muscle 
into  tetanus  and  a  second  reading  made.  In  all  cases  the  conduc- 
tivity was  greater  during  contraction. 

It  might  be  objected  that  the  heating  effect  of  this  current  would 
change  the  conductivity,  but  control  experiments  on  liver  tissue  and 
the  tissues  of  certain  plants,  in  which  no  change  in  conductivity 
occurred,  showed  this  not  to  be  the  case. 

Since  the  muscle  at  all  times  entirely  filled  the  space  between  the 
electrodes  and  extended  out  on  all  sides,  a  change  in  the  form  of  the 
entire  muscle  would  not  appreciably  alter  the  conductivity.  How- 
ever, it  is  possible  that  the  change  in  form  of  the  muscle  fibres  might 
slightly  alter  the  conductivity,  but  it  is  improbable  that  it  would 
account  for  the  large  differences  observed. 

If  the  change  in  conductivity  were  due  to  metabolic  activity  in  the 
muscle,  we  would  expect  different  results  depending  on  whether  the 
muscle  was  measured  first  in  the  stimulated  or  unstimulated  condition, 
but  no  such  difference  was  found.  If  the  change  in  conductivity  is 
due  to  chemical  change,  the  latter  must  be  completely  and  instan- 
taneously reversible. 

Experiments  were  made  both  in  the  spring  and  the  autumn,  and  a 
long  series  of  measurements  were  made  on  each  muscle.  The  increase 
in  conductivity  was  greatest  in  fresh  preparations  and  decreased  as 
the  muscle  became  fatigued,  varying  from  28  to  6  per  cent. 

Discussion  of  Results. 

The  increased  conductivity  of  muscle  during  contraction  may  be 
interpreted  as  demonstrating  the  increase  in  permeability  of  some 
structures  within  the  muscle  to  anions  (since  the  muscle  appears 
akeady  permeable  to  certain  kations).  According  to  the  membrane 
theory,  this  causes  a  reduction  of  the  electrical  polarization  of  these 
structures,  thus  causing  increased  surface  tension  and  contraction. 

In  order  that  the  contraction  be  due  to  increased  surface  tension 
of  any  structures,  the  latter  must  during  relaxation  be  elongate  in 
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the  axis  of  the  muscle.  We  have  such  a  structure  in  the  anisotropic 
segment  of  an  ultimate  fibril.  It  is  interesting  to  note  that  Dues- 
berg  *  finds  these  segments  to  arise  from  fat  or  lipoid-containing 
bodies  known  as  chondriosomes,  and  the  presence  of  fat  would  account 
for  the  high  surface  tension  between  them  and  the  sarcoplasm  that 
is  necessary  for  contraction. 

Bernstein  calculated  the  size  of  the  structures  that  would  be  com- 
patible with  the  force  of  contraction,  and  concluded  that  it  must  be 
smaller  than  any  structures  seen  in  histological  preparations  of  muscle. 
He  therefore  postulated  hj^thetical  ellipsoids  as  the  elements  in 
question. 

It  is  possible  that  surface  tension  changes  are  aided  by  osmotic 
pressure,®  since  the  movements  of  plants  are  due  to  osmotic  changes 
following  changes  in  permeability.  However,  the  small  size  of  the 
muscle  elements  makes  it  impossible  to  apply  botanical  methods  to  it. 

'  Duesberg:  Archiv  fiir  Zellforschimg,  1910,  iv,  p.  602. 
'  CJ.  Meigs:  This  journal,  1910,  xxvi,  p.  191. 
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Preface. 

This  paper  formed  the  basis  for  two  lectures  given  before  the 
class  in  physiology  at  Woods  Hole,  July  7  and  8,  191 1,  although 
owing  to  limited  time,  some  parts  were  omitted.  Since  then 
there  has  appeared  a  second  edition  of  Hober's  **Physikalische 
Chemie  der  Zelle  und  Gewebe,"  which  reviews  much  of  the 
literature  considered  in  this  paper.  However,  owing  to  an 
entirely  different  mode  of  presentation,  it  is  hoped  that  the 
present  treatment  of  the  subject  might  be  helpful  to  many 
general  readers,  some  of  whom  would  not  read  Hober's  book. 

» From  the  Embryological  Laboratory  of  Cornell  University  Medical  College. 
New  York  City. 
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I  am  indebted  to  several  persons  for  suggestions,  especially 
to  Dr.  Ralph  LilUe^  and  Professor  B.  M.  Duggar. 

I.  Introduction. 

The  object  of  this  paper  is  to  bring  the  "vital"  phenomena, 
as  far  as  possible,  within  the  scope  of  physics  and  chemistry,  and 
not  to  elucidate  physical  and  chemical  processes.  It  should 
therefore  be  borne  in  mind  that  the  osmotic  phenomena  of 
"dead**  systems  are  not  all  satisfactorily  explained. 
\  The  Vant  Hoff-Arrhenius  theory  of  osmosis  concerns  itself 

J  with  the  number  of  particles,  molecules  and  ions,  in  solution, 

J  and  is  applicable  to  dilute  solutions,  in  which  the  total  volume  of 

i  the  dissolved  particles  is  negligible.     However,  in  more  con- 

l  centrated  solutions,  the  volume  of  the  dissolved  particles  is  of 

1  the  same  importance  as  the  volume  of  the  molecules  in  gases,  as 

1  expressed   in  Van  der  Waal's  equation.    Also   the   dissolved 

I  particles  bind  molecules  of  the  solvent  and  so  reduce  the  volume 

of  the  free  solvent. 

That  the  molecules  and  ions  of  a  dissolved  substance  bind 
some  molecules  of  the  solvent,  follows  from  the  work  of  Jones 
and  his  collaborators.*  Compare  also  the  work  of  Pickering.* 
Jones  concludes  that  the  larger  the  number  of  molecules  of  water 
of  crystallization,  the  greater  the  hydrating  power  of  a  substance 
in  aqueous  solution.  The  number  of  molecules  of  water  bound 
by  one  molecule  of  the  solute  usually  increases  with  dilution  up 
to  a  certain  point  (the  boundary  between  concentrated  and 
dilute  solutions,  beyond  which  there  is  no  heat  of  dilution). 
The  bond  between  ions  and  the  solvent  is  also  indicated  by  the 
phenomenon  known  as  "electrical  transference."  If  an  elec- 
trolyte and  a  non-electrolyte  be  dissolved  in  water  and  an 
electric  current  passed  through  the  solution,  water  will  be  carried 
along  with  the  ions  to  the  electrodes. 

With  these  corrections,  the  Vant  Hoff-Arrhenius  theory 
accounts  for  osmotic  pressure,  but  does  not  show  why  many 
substances  exert  no  osmotic  pressure,  in  other  words,  why  no 

« Cf.  this  journal,  1909.  XVII.,  i88. 

«  "Hydrates  In  Aqueous  Solution,"  Pub.  No.  8,  Carnegie  Ins.  Wash.,  1907. 

•  Whetam,  "The  Theory  of  Solution,"  1902.  Cambridge,  p.  170. 
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membranes  have  been  found  that  are  impermeable  to  them. 
Overton  supposed  that  the  substance,  in  order  to  diffuse,  must 
dissolve  in  the  membrane.  Kahlenberg  and  others  consider  a 
solution  as  a  chemical  combination  between  solute  and  solvent, 
and  osmosis  as  a  series  of  chemical  reactions  between  the  mem- 
brane and  the  two  solutions,  continuing  until  equilibrium  is 
established.  The  essential  points  in  the  theory  are:  that  the 
membrane  is  not  a  molecule  sieve,  but  a  substance  with  specific 
properties,  and  the  chemical  characters  of  the  membrane  and  of 
the  dissolved  substances  affect  osmosis. 

Willard  Gibbs  found  that  the  more  a  solute  lowers  the  surface 
tension  of  a  solution,  the  more  it  tends  to  pass  out  of  the  solution, 
i.  «.,  by  osmosis,  or  if  this  is  prevented,  to  collect  at  the  surface  of 
the  solution.  This  law  has  been  extensively  investigated  and 
confirmed  by  I.  Traube.  For  instance,  in  general,  lipoid-soluble 
substances  lower  the  surface  tension  of  water  and  tend  to  diffuse 
out  of  it,  whereas  electrolytes  slightly  raise  the  surface  tension 
of  water  and  attract  water  from  the  adjacent  phase.  Osmosis 
may  occur  in  opposite  directions  simultaneously.  Gibbs  and 
Traube  state  that  the  greatest  osmotic  flow  is  from  the  solution 
of  lower  surface  tension  to  that  of  the  higher,  but  this  is  not 
generally  accepted.  Osmosis  consists  of  two  distinct  processes, 
from  one  solution  to  the  membrane,  and  from  the  membrane  to 
the  second  solution. 

In  case  the  membrane  consists  of  two  or  more  chemically 
different  membranes  placed  one  on  another,  osmosis  consists  of  a 
series  of  steps;  and  Hamburger^  made  double  membranes  through 
which  certain  substances  diffuse  more  rapidly  in  one  direction 
than  in  the  other.  , 

Traube  calls  the  bond  between  solute  and  solvent  the  "attrac- 
tion pressure."  In  general,  attraction  pressure  of  ions  increases 
with  valence.  The  less  the  attraction  pressure  of  the  solute,  the 
more  it  lowers  the  surface  tension  and  tends  to  pass  out  of  the 
solution.  The  presence  of  one  solute  lowers  the  attraction 
pressure  of  another  in  the  same  solution,  and  the  greater  the 
attraction  pressure  of  a  solute  the  more  it  lowers  that  of  another. 
We  might  express  this  idea  by  saying  that  one  substance  takes 

^  Biochem.  ZeiL,  1908,  XI.,  443. 


Il6  J.  F.  MCCLENDON. 


.  -< 


r 
1 


part  of  the  solvent  away  from  the  second  and  increases  the  con- 
centration of  the  second  substance.  This  may  explain  the  effect 
of  a  harmless  substance  in  increasing  the  toxicity  of  a  poison. 
Schnerlen^  observed  that  a  solution  of  phenol  below  the  threshold 
of  toxicity  for  certain  bacteria  is  rendered  toxic  by  adding  NaCl. 
Stockard  showed  that  the  toxicity  of  pure  solutions  of  salts  on  fish 
eggs  is  increased  by  the  addition  of  sugar,  although  the  total 
osmotic  pressure  of  the  mixture  is  less  than  that  of  the  normal 
medium.* 

-^  Just   as   Traube's   precipitation   membranes   are   absolutely 

impermeable  to  certain  substances,  so  do  living  cells  show  this 

5i  selective  permeability.     For  instance,  the  vacuole  fluid  or  cell 

sap  of  certain  plant  cells  contains  colored  substances  which  do 
not  diffuse  into  the  protoplasm  surrounding  the  vacuoles.  If  a 
cell  be  placed  in  a  solution  of  the  pigment,  the  protoplasm 
remains  colorless.  If  the  protoplasm  be  squeezed  out  of  the 
cell  into  a  solution  of  the  pigment,  it  does  not  invariably  become 

j  stained.     However,  if  the  cell  is  injured  in  certain  ways,  or 

dies  from  any  cause,  the  pigment  diffuses  out  of  the  vacuoles 

A  into  the  protoplasm  and  thence  into  the  surrounding  medium. 

:ii  We  might  conclude  that  the  protoplasm  in  general  is  imperme- 

;h  able  to  the  color,  but  at  death  it  becomes  permeable.     On  the 

^  other  hand,  Pfeffer*  gives  evidence  for  the  existence  of  a  mechani- 

cal membrane  on  the  surface  of  the  cell  and  lining  the  vacuoles. 
De  Vries*  placed  cells  into  lO  per  cent.  KNOs  solution  colored 

I  with  eosin.     The  plasma  membrane  and  granular  plasm  died 

and  stained  long  before  any  dye  entered  the  vacuoles.  How- 
ever, the  granular  plasm  may  have  absorbed  all  the  dye,  thus 
preventing  its  entrance  for  some  time,  without  the  necessity  of 
any  resistance  of  the  vacuole  membrane.  Since  protoplasm  may 
be  squeezed  out  in  the  form  of  droplets  and  still  appears  to  be 
surrounded  by  membranes,  Pfeffer  concluded  that  the  membrane 
was  formed  by  the  contact  of  the  protoplasm  with  the  medium 

^Arch.  exp.  Path.,  1896,  XXXVIL,  84. 

*  However  the  NaCl  in  Schnerlen's  and  sugar  in  Stockard's  experiment  may 
7^  have  increased  the  permeability  to  the  toxic  substances,  as  discussed  in  later 

Zi  chapters. 

i^  *  "Pflanzenphysiologie." 

I  *  Jahrb.  wiss.  Bot.,  1885,  XVI..  465. 
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or  with  cell  sap.  He  supposed  these  membranes  to  be  the  semi- 
permeable parts  of  the  cell,  and  that  they  became  altered  at 
death.  PfefFer  called  this  membrane  on  the  cell  surface  the 
"plasma  membrane." 

Whereas  the  nuclear  membrane  and  certain  vacuole  mem- 
branes are  semipermeable,  these  are  lacking  in  erythrocytes, 
which  are  therefore  good  objects  for  testing  the  question  whether 
the  protoplasm  in  general,  or  merely  its  surface,  is  semipermeable. 
HSber^  by  two  very  ingenious  but  complicated  methods,  one 
based  on  dielectric  capacity,  determined  the  electric  conduc- 
tivity of  the  interior  of  the  erythrocyte  without  rupture  of  the 
plasma  membrane.  Since  the  conductivity  of  the  interior 
(about  that  of  a  .2  per  cent.  NaCl  solution)  was  found  to  be 
many  times  greater  than  that  of  the  erythrocyte  as  a  whole,  the 
membrane  must  be  relatively  impermeable  to  ions.  There  is 
much  other,  but  less  direct,  evidence  that  the  semipermeability 
resides  in  the  plasma  membrane,  namely:  the  rapidity  of  change 
in  permeability  of  certain  cells,  the  sudden  increase  in  perme- 
ability of  a  cell  after  swelling  to  a  certain  size  (due  presumably  to 
rupture  of  the  plasma  membrane),  the  ease  with  which  mild 
mechanical  treatment  increases  the  permeability,  and  the  locali- 
zation of  electric  polarization  at  the  cell  surface. 

Quincke*  supposed  these  membranes  to  be  of  a  fatty  nature. 
This  idea  was  carried  further  by  Overton,  who  considered  the 
plasma  membrane  to  be  composed,  not  of  neutral  fats,  but  of 
substances  of  the  class  which  are  called  "lipoids,"  which  included 
non-saponifying  ether  soluble  extracts  of  organs,  t.  «.,  cholesterin, 
lecithin,  cuorin,  and  cerebrin.  He  found'  that  all  basic  dyes 
were  easily  absorbed  by  living  cells,  but  not  most  of  the  sulphonic 
add  dyes.  This  corresponded  to  their  solubility  in  melted 
cholesterin,  or  solutions  of  lecithin  and  cholesterin,  or  particles 
of  lecithin,  protagon  or  cerebrin.  His  argument  is  somewhat 
weakened,  however,  by  the  fact  that  cholesterin  decomposes 
on  melting,  and  that  if  lecithin  is  allowed  to  absorb  water  its 
solvent  power  changes. 

» Arch.  f.  d.  ges,  Physiol.,  1910,  CXXXIIL.  237,  and  Eighth  Internat.  Physiol. 
Congress,  Vienna.  1910. 

*Sitzber.  d.  Kon.  Preuss,  Akad.  d.  Wissensch.  zu  Berlin,  1888,  Bd.  XXX IV. 
•  Jahrb.  wiss,  Bot.,  1900,  XXXIV.,  669. 
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Many  of  Overton's  critics  do  not  distinguish  between  lipoids 
proper  and  a  host  of  ether-soluble  substances  which  are  also 
called  lipoids,  and  of  the  data  which  they  present  we  will  con- 
sider only  that  on  lipoids  proper.  Ruhland^  found  that  certain 
dyes  stain  plant  cells  but  are  not  soluble  in  solutions  of  cholesterin 
(and  vice  versa).  Robertson'  observed  that  methyl  green  freed 
from  methyl  violet  was  insoluble  in  a  nearly  saturated  solution 
of  lecithin  in  benzol,  whereas  it  stained  living  cells.  Hober' 
obtained  Ruhland's  results,  when  using  certain  animal  cells, 
but  found  that  certain  nephric  tubule  cells  absorb  all  dyes  that 
are  not  suspension  colloids. 

Faure-Fremiet,  Mayer  and  SchaefTer*  state  that  pure  choles- 
terin does  not  stain  with  any  dyes  (contrary  to  Overton),  mala- 
chite green  (considered  lipoid-insoluble  by  Ruhland  and  Hober) 
stains  lecithin,  and  Bismarck  brown  (considered  lipoid-insoluble 
by  Ruhland)  stains  lecithin,  cholesterin-oleate  and  cerebrin. 
A  mere  trace  of  free  fatty  acid  greatly  affects  the  behavior  of 
lipoids  toward  stains. 

Mathews*  considers  the  absorption  of  dyes  by  cells  as  a  chemical 
process.  Since  basic  dyes  combine  with  albumin  in  alkaline 
solution,  lipoids  in  the  membrane  are  not  necessary  for  the  ab- 
sorption of  such  dyes. 

Traube  objected  to  Overton's  hypothesis  on  the  ground  that 
Overton's  plasmolytic  series  is  the  same  as  found  by  Brown,  who 
used  the  membrane  of  the  barley  grain,*  and  the  same  as  the 
series  of  the  attraction  pressures  of  the  substances  in  water. 
But  Traube  admits  in  his  later  papers  that  the  chemical  character 
of  the  membrane  affects  osmosis. 

We  may  conclude  that,  although  the  plasma  membrane  of 
some  cells  may  be  lipoid  in  character,  this  has  not  been  proven, 
but,  in  general,  it  is  more  permeable  the  more  the  diffusing  sub- 
stance lowers  the  surface  tension  of  water. 

^  Jahrb.  wiss.  Bot.,  1908,  XLVI.,  i,  and  Ber,  Deutsch.  bot.  Gesellsch,,  1909, 
XXVL.  772. 

*  Jour.  Bio.  Chem.t  1908,  LV.,  i. 

*  Biochem.  Zeit.,  1909,  XX.,  55. 

*  Arch,  d'Anat.  Mic,  1910,  XII.,  19. 

*  Jour.  Pharmacol,  and  Exp.  Ther.,  1910,  II..  201. 

*  But  this  is  not  true  of  all  seed  coats.  Atkins,  Set.  Proc.  Roy.  Dublin  Soc.,  XII. » 
n.  8.,  No.  4.  p.  35,  observed  that  the  membranes  of  the  bean  seed  are  freely  perme- 
able, semipermeable  plasma  membranes  arising  only  after  germination. 
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Nathanson^  supposed  the  plasma  membrane  to  be  a  mosaic 
of  lipoids  and  **  protoplasm,"  but  it  is  evident  that  if  the  lipoid 
portion  is  not  continuous,  it  can  not  make  the  cell  impermeable 
to  any  substance. 

Czapek*  states  that  lipoid  solvents  cause  cytolysis  when  the 
surface  tension  of  the  solution  is  reduced  to  .68,  and  concludes 
from  this  that  the  plasma  membrane  contains  glycerine  tri-oleate 
since  its  emulsion  reduces  the  surface  tension  of  water  to  this 
figure. 

The  diffusion  of  water-soluble  substances  through  swollen- 
plates,  ** gels'*  or  "sols"  of  gelatine,  varies  inversely  with  the 
viscosity  (Arrhenius).  The  great  hysteresis  of  gelatine  gels  is 
taken  advantage  of  to  show  that  diffusion  depends  on  the  vis- 
cosity and  not  on  the  per  cent,  of  gelatine,  at  the  same  temper- 
ature.' 

The  absorption  of  water  by  a  gelatine  plate  increases  its  per- 
meability, and  the  temperature  and  therefore  the  presence  of 
substances  which  affect  this  swelling  of  gelatine  affect  its  perme- 
ability. Impregnation  of  colloidal  membranes  with  bile  salts, 
alcohol,  ether,  acetone  or  sugar  changes  (usually  increases) 
their  permeability.  The  effects  of  substances  on  the  rate  of 
diffusion  through  gelatine  plates,  and  on  their  swelling  (viscosity) 
and  melting  point  are  not  always  quite  parallel.* 

In  case  the  substance  added  to  the  membrane  is  removable, 
the  change  in  permeability  becomes  reversible,  which  is  true 
in  regard  to  many  of  the  substances  mentioned  above.  Changes 
in  non-living  membranes  are  usually  only  partially  reversible  or 
are  irreversible.  Denaturalization  of  a  colloid  membrane  by 
heat,  heavy  metals,  or  other  coagulative  agents  which  induce 
chemical  changes  in  the  membrane,  or  the  addition  of  substances 
which  cannot  be  removed,  produce  irreversible  changes  in 
permeability. 

That  the  permeability  of  the  membranes  in  living  tissue  is 
increased  at  death  is  proven  by  a  host  of  observations.  The 
electric  conductivity  increases  enormously  at  death.     Contained 

» Jahrb,  wiss,  Bot.,  1903.  XXXVIIL.  284;  1904,  XXXIV.,  601,  and  XL.,  403. 

*  Ber.  deutsch.  bot.  Gesell.,  1910,  28,  480. 

*2^angger,  Asher  &  Spiro's  Ergeb.  der  Physiol,,  1908,  VII.,  99. 

*  Zangger,  loc.  cit. 
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substances  diffuse  out,  substances  in  the  medium  (fixing  fluids, 
stains,  etc.)  diffuse  in.  There  is  a  more  general  mixing  of  tissue 
substances.  Enzymes  come  in  contact  with  proteids  and 
autolysis  results. 

Certain  substances  are  known  to  increase  the  permeability 
of  membranes  in  tissues  of  the  body.  Thus  ether,  chloroform, 
etc.,  increase  the  penetration  of  fixing  fluids,  and  the  exit  of 
contained  substances,  and  the  mixing  of  tissue  substfuices. 
In  this  way  they  increase  autolysis. 

II.  Osmotic  Phenomena  in  Plants. 

It  is  evident  that  water,  salts,  carbon  dioxide  and  oxygen 
can,  at  least  occasionally,  penetrate  plant  cells,  as  otherwise 
no  growth  could  occur.  In  case  of  the  higher  plants,  the  same 
is  true  of  sugars  and  other  bodies.'  Janse*  found  that  so  much 
KNOi  is  absorbed  by  Spirogyra  cells  in  lo  minutes,  that  it  may 
be  easily  detected  microchemically  with  diphenylamin-sulphuric 
acid. 

Osterhout*  grew  seeds  of  Dianlhu$  barbalus  in  distilled  water. 
The  rate  of  growth  during  the  several  days  of  observation  was 
normal.  In  nature,  calcium  oxalate  crystals  are  found  in  the 
root  hairs,  but  are  not  formed  in  the  distilled  water  cultures, 
showing  that  the  Ca  comes  from  the  medium.  If  placed  in 
calcium  solutions,  crystals  became  large  enough  to  see  with  the 
polarizing  microscope  in  four  hours,  showing  permeability  to  Ca.* 

Nathanson'  found  that  nitrates  and  other  substances  entered 
the  cell.     Ruhland  also  observed  penetration  of  salts. 

Traube-Mengarini  and  Scala"  conclude  that  salts  enter  plant 
cells  only  through  the  partition  walls.  At  these  places  there 
appears  an  "acid  reaction"   (bluing  of  methyl  violet).     They 

1  See  Laurent  in  Livingstone,  "The  ROle  of  DitTusion  and  Osmotic  Preasute  in 
Plants."  :903,  p.  67, 

1  Vast,  en  Mideel.  dtr  Konikl.  Akad.  van  a/dttl.  Nalurs..  3.  Reeks,  IV.  part. 
1888,  p.  333- 

■  Ztits.  f.  physik.  ChtM..  1909.  LXX..  40S. 

'  But  compare  von  Mayenberg.  Jahrb.  f.  vrtss.  Bol.,  XXXVI..  3S1.  who  found 
little  penetration  of  salts  into  fungous  hyphs.  And  see  Demoussy.  Comptts  Rtndut, 
CXXVII.,  970. 

'  JaArft.  MJi.  Bot..  XXXVIII..  384;   XXXIX..  601;   XL..  403. 

'  Biochem.  Ztil..  1909,  XVII.,  443. 
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interpret  this  as  showing  that  the  anion  of  the  salt  unites  with 
an  H  ion  of  an  amino  group,  forming  a  free  acid,  and  the  kation 
of  the  salt  unites  with  the  protoplasm.  It  appears  to  me  that 
the  basis  of  this  conclusion  is  very  slight. 

Permeability  may  be  investigated  by  a  study  of  plasmolysis, 
which  consists  in  the  shrinkage  of  the  surface  protoplasm  away 
from  the  cellulose  cell  wall,  due  to  the  osmotic  pressure  of  the 
hypertonic  solution  of  a  dissolved  substance  which  does  not 
penetrate.  A  regaining  of  turgor  by  the  cell  while  in  the  hyper- 
tonic solution  indicates  slow  penetration  of  the  substance.  The 
plasmolytic  method  was  originated  by  Nageli,  who  also  noted 
that  a  shrinkage  resembling  plasmolysis  but  accompanied  by 
outward  diffusion  of  dissolved  substances,  occurs  at  death  or 
severe  injury  to  the  cell.^ 

The  plant  cell  is  surrounded  by  an  plastic  cell  wall.  The 
internal  osmotic  pressure  may  be  divided  into  three  resultants: 
that  causing  rounding  up  of  the  cell  is  called  turgor,  that  re- 
sulting in  stretching  of  the  cell  wall  is  sometimes  distinguished  as 
turgescence,  and  that  resisting  the  surface  tension  of  the  cell, 
''central  pressure." 

The  plasmolytic  experiments  of  DeVries*  and  others'  are 
interpreted  by  them  as  indicating  a  selective  impermeability 
of  the  plasma  membrane  to  neutral  salts. 

In  the  plasmolytic  experiments  of  Overton*  all  salts  plas- 
molyzed  permanently.  Non-electrolytes  fell  in  four  groups, 
thus:  Cane  sugar,  dextrose,  manit,  glycocoll>urea,  glucerin> 
ethylene-alcohol,  acetamid>  methyl-alcohol,  acetonitril,  ethyl- 
alcohol,  phenol,  aniline,  isobutyl-alcohol,  isoamyl-alcohol,  methyl 
acetate,  ethyl  acetate,  butyl  aldehyde,  acetone,  acetaldoxim. 
Diffusion  of  substances  of  homologous  series  increased  with  molec- 
ular weight. 

Overton  ascertained  the  permeability  of  plant  cells  to  alkaloids 

»  "  Pflanzenphysiol.  Untersuchungen,"  1885. 

s  ZeiL  physikal.  Chem.,  1888.  IL,  415;  1889.  III.,  103. 

»Cf.  Livingstone,  "The  R61e  of  Diffusion  and  Osmotic  Pressure  in  Plants," 
Chicago.  1903;  Jansc,  BoL  Centlb.,  1887,  XXXIL,  21;  Duggar.  Trans,  Acad.  Sc. 
St.  Louis,  1906,  XVI.,  473. 

«  VierUljahrsckrift  der  Naturforschers.  Cesell.  in  Zurich,  XL IV..  88;  Jahr.  wiss. 
Bot.,  1900,  XXXIV.,  669. 


122  J.   F.   MCCLENDON. 

by  their  precipitation  of  the  tannic  add  in  the  cell  sap.  Most 
alkaloids  penetrate  rapidly,  but  only  in  the  form  of  the  free 
(undissodated)  base  produced  by  hydrolysis.  Hence  the  pene- 
tration (precipitation  and  toxic  effect)  may  be  prevented  by 
adding  a  little  acid  to  the  medium. 

Pfeffer  had  shown  that  methylene  blue  is  precipitated  by  tannic 
acid  in  the  cell  sap  of  certain  plants. 

Some  discussion  has  arisen  as  to  whether  the  mechanism  of 
the  entrance  of  dyes  into  plant  cells  is  similar  to  that  of  alkaloids. 
Overton  showed  that  lipoid  soluble  basic  dyes  penetrate  easily. 
He  at  first  supposed  that  only  the  free  color  base  (undissodated) 
is  able  to  penetrate  the  cell.^  Overton  found,  however,  that 
triphenylmethane  and  chinonimid  dyes  disprove  his  assumption, 
showing  that  it  is  at  least  not  general.  This  question  was  taken 
up  again  by  Harvey*  who  found  that  neutral  red  or  methylene 
blue,  which  stain  Elodea  leaves  in  tap  water,  do  not  do  so  if  just 
enough  add  be  added  to  the  water  to  prevent  any  free  color 
base  from  forming. 

He  observed  that,  although  these  dyes  are  not  predpitated 
in  the  cell  sap  of  this  plant,  they  become  more  concentrated  in 
the  cell  sap  than  in  the  medium.  Neutral  red  is  bright  red  in 
the  cell  sap,  indicating  that  the  reaction  is  acid  (no  free  color 
base  is  present).  He  supposes  that  the  absence  of  any  of  the 
dye  in  the  form  of  the  free  color  base  prevents  it  from  diffusing 
out  of  the  cell,  hence  it  becomes  more  concentrated  within  than 
without. 

In  using  the  plasmolytic  method,  if  a  cell  does  not  recover 
from  plasmolysis  in  a  solution  of  a  salt,  it  is  said  to  be  imperme- 
able to  that  salt.  However,  the  cell  may  recover,  but  may  be 
killed  by  penetration  of  the  salt,  and  shrink  again.  It  is  possible 
that  Overton  and  others  failed  in  some  cases  to  note  this  transient 
recovery.  Contrary  to  Overton,  Osterhout*  found  Spirogyra 
permeable  to  alkali-salts  and  alkaline  earth   salts,   but   more 

^  In  this  connection  it  is  interesting  to  note  that  Robertson  observed  that  free 
color  bases,  and  to  a  less  extent  free  color  acids,  are  much  more  soluble  in  fats 
than  are  their  salts.  This  is  what  we  should  expect,  since  the  salts  dissociate  in 
water,  and  ions  are  insoluble  in  fats. 

'  Science^  1910,  n.s.,  XXXII.,  565. 

*  Science,  1911,  n.  s.,  XXXIV.,  187  ;  XXXV.,  112. 
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easily  to  Na  than  to  Ca.  It  is  plasmolyzed  by  .2M  CaCU  and 
not  by  the  isosmotic  .29Jlf  NaCl  but  by  .38Af  NaCl.  .igsAf 
CaCl2  and  .37SM  NaCl  just  failed  to  plasmolyze.  On  mixing 
100  c.c.  .375M  NaCl  with  10  c.c.  .iQSAf  CaCU,  thus  decreasing 
the  osmotic  pressure  of  the  former,  marked  plasmolysis  occurred. 
This  indicates  that  Ca  decreases  the  permeability  to  Na.^  From 
further  work  by  the  same  author,  not  yet  published,  it  appears 
that  Na  increases  and  Ca  decreases  the  permeability  of  certain 
marine  plants.  Also  Fluri*  obtained  increase  in  permeability  by 
salts  of  aluminium,  yttrium  and  lanthanum. 

DeVries  plasmolyzed  cells  of  Tradescaniia,  containing  blue 
cell  sap,  with  4  per  cent.  KNOs  solution,  then  added  nitric  acid 
until  the  color  changed  to  red.  The  acid  made  the  cells  per- 
meable to  KNOs  for  they  regained  their  turgor  and  finally  burst. 
This  explains  the  easy  penetration  of  acids  into  cells.  PfeflFer^ 
found  that  if  red  beet  cells,  petals  of  Pulmonaria,  stamen  hairs 
of  Tradescantia  and  other  anthocyan-containing  cells  are  placed 
in  extremely  dilute  HCl  or  H2SO4,  they  suddenly  turn  red,  in- 
dicating immediate  penetration  of  the  acid.  If  allowed  to  re- 
main but  a  short  time,  the  cells  are  not  killed,  and  the  color 
change  is  reversed  on  returning  the  tissues  to  acid-free  water. 

I  have  repeated  these  experiments,  using  cells  of  red  beet, 
red  cabbage  and  red  nectar  glands  of  Vicia  fdba,  and  find  that 
mineral  acids  penetrate,  but  that  (the  lipoid  soluble)  acetic  acid 
penetrates  much  more  rapidly  and  also  more  easily  alters  the 
plasma  membrane,  causing  pigment  to  diffuse  out,  if  not  cau- 
tiously applied.  Alkalis  also  penetrate,  but  (the  lipoid  soluble) 
ammonia  penetrates  much  more  rapidly  than  the  others.  Am- 
monia does  not  so  easily  increase  the  permeability  to  the  pigment 
as  does  acetic  acid. 

Ruhland^  after  staining  root  hairs  of  Trianea,  etc.,  with  the 
indicators,  methyl  orange  and  neutral  red,  found  that  mineral 
acids  as  well  as  lipoid  soluble  acids  penetrated. 

*  The  work  of  Kearney,  Report  71,  U.  S.  Dept.  of  Agriculture,  indicates  that 
Ca  prevents  the  plasmolytic  and  toxic  effect  of  Mg,  but  this  is  "  false  plasmolysis" 
following  death. 

*  Flora,  1908,  XCIX.,  8i. 

^"Osmotische  Untersuchungen,"  Leipzig,  1877,  p.  135. 
*Jahrb.  wiss.  BoL,  1908,  XLVL,  i. 
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One  defect  in  the  plasmolytic  method  is  the  fact  that  the  cel- 
lulose cell  wall,  if  not  very  thick,  is  elastic,  and  a  slightly  hyper- 
tonic solution  may  cause  the  cell  to  decrease  in  volume  without 
pressing  the  protoplasm  away  from  the  cell  wall.  This  source 
of  error  may  be  eliminated  by  substituting  calculations  of  the 
volume  of  the  cells  (as  necessary  for  animal  cells)  for  observations 
on  plasmolysis. 

It  is  well  known  that  movement,  and  in  many  cases  increase 
in  size  of  plants  is  due  to  changes  in  turgor  of  the  cells.  If  we 
exclude  the  turgor  changes  in  aerial  plants  produced  by  variations 
in  the  ratio  of  the  water  supply  to  the  transpiration,  turgor 
changes  may  be  due  to  changes  in  the  osmotic  pressure  of  the 
external  medium,  or  of  the  cell  sap  (due  to  metabolic  changes) 
or  to  changes  in  the  permeability  of  the  plasma  membrane. 
Lepeschkin^  has  confirmed  Pfeffer  in  showing  that  changes  in 
permeability  of  stipule  cells  accompany  (or  immediately  precede) 
changes  in  turgor.  By  chemical  analysis  of  the  medium  he  has 
shown  that  an  outward  diffusion  of  dissolved  substances,  from 
the  cells,  accompanies  loss  of  turgor,  and  by  plasmolytic  ex- 
periments, that  the  permeability  to  certain  substances  increases. 

It  is  interesting  to  note  the  force  that  may  be  exerted  by  such 
changes  in  turgor.  From  measurements  of  the  pull  of  a  stamen 
hair  of  Cynara  scolumus  or  Centaurea  jacea  on  loss  of  turgor  fol- 
lowing stimulation,  it  seems  not  improbable  that  the  change  in 
turgor  amounts  to  2-4  atmospheres  (Hober).  This  also  indicates 
the  strength  of  the  cell  wall  necessary  to  prevent  rupture  of  the 
plasma  membrane.  The  osmotic  pressure  of  the  juices  pressed 
out  of  plants  varies  from  3.5-9  atmospheres.*  The  pressing 
out  of  the  juices  causes  an  error  due  to  chemical  changes;  on 
the  other  hand,  in  taking  the  freezing  point  or  pieces  of  plant 
tissues,  an  error  arises  from  lowering  of  the  freezing  point  by  the 
walls  of  the  capillary  spaces.  Miiller-Thurgau'  found  the  A 
(corrected  freezing  point  lowering)  of  plant  tissues  =.8-3.1®. 
Many  plants  respond  to  light  by  definite  movements,  produced 

» Ber,  deutsch.  hot.  GeselL,  XXVI.  (a),  725. 

*  DeVries,  Pringsheime  Jahrbucher  wiss.  Bot.,  1884,  XIV..  427;  Pantanelli,  ibid., 
1904.  XL.,  303. 

*  LandwirtschafU.  Jahrb.,  1886,  XV.,  490. 
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by  turgor  changes  in  certain  of  their  cells.  Trondle^  found  that 
light  produced  changes  in  permeability  of  these  cells. 

Changes  in  permeability  may  not  only  affect  the  turgor,  but 
also  the  assimilation  and  excretion,  and  consequently  the 
metabolism  and  growth  of  the  cells.  Chapin*  observed  that 
COj  in  certain  doses  is  a  stimulant  to  the  growth,  not  only  of 
green  plants  but  also  of  moulds.  As  only  a  few  saprophytes  can 
decompose  CO2,  it  is  not  probable  that  its  effect  is  nutritive. 
A  similar  stimulating  action  of  ether  and  various  salts,  even 
such  toxic  ones  as  those  of  zinc,  was  previously  known.  These 
salts  probably  stimulate  without  penetrating  the  cells,  since 
Zn,  for  instance,  is  not  a  constituent  of  protoplasm.^  This  leads 
one  to  suppose  that  the  initial  effect  of  all  of  these  substances 
is  on  the  surface,  changing  the  jDermeability  of  the  cells. 

Wachter*  found  that  potassium  decreases  the  permeability  of 
onion  cells.  Sugar  diffused  out  of  sections  of  Allium  cepa  placed 
in  distilled  water  or  hypotonic  sugar  solutions,  but  a  trace  of 
potassium  salt  entirely  prohibited  the  diffusion.  When  the  K 
was  removed  the  diffusion  recommenced. 

Czapek*  determined  increase  in  permeability  by  the  exosmosis 
of  tannin  in  cells  of  Echeveria  leaves.  Various  monovalent  al- 
cohols and  ketones,  ether,  ethyl  urethan,  di  and  tri  acetin, 
Na-oleate,  oleic  acid,  lecithin  and  cholesterin  all  just  caused 
exosmosis  of  tannin  in  concentrations  (aqueous  solutions)  which 
had  a  surface  tension  of  about  0.68.  It  would  appear  therefore 
that  these  substances,  chiefly  of  the  class  of  indifferent  narcotics, 
alter  the  cells  if  they  diffuse  into  them,  or  diffuse  into  certain 
structures  such  as  the  cell  lipoids  or  the  plasma  membrane. 
It  seems  more  reasonable  to  suppose  that  the  plasma  membrane 
is  the  structure  affected,  and  the  more  the  substance  lowers  the 
surface  tension  of  water,  the  more  it  diffuses  into  the  plasma 
membrane.  When  this  membrane  is  altered,  it  allows  escape 
of  tannin.     Some  substances  such  as  chloral  hydrate  are  effective 

^  Jahrb.  f.  wiss.  Bot.,  1910,  XLVIII.,  171. 
'  Flora,  1902,  XC,  348. 

•  Cf .  Loeb,  "Dynamics  of  Living  Matter,"  pp.  73,  74. 

♦  Jahrb.  wiss.  Bol.,  1905,  XLI.,  165. 

*  "  Uber  eine  Methode  zur  direkten  Bestimmung  der  Oberflachenspannung  der 
Plasmahaut  von  Pflanzenzellen,"  Jena,  G.  Fischer.  191 1. 
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in  less  concentration,  and  probably  affect  the  cell  chemically 
as  well  as  physically. 

Mineral  adds  caused  exosmosis  of  tannin  when  the  oincen- 
tration  just  exceeded  1/6,400  normal,  and  the  effect  is  probably 
due  to  H  ions.  At  this  same  concentration  Kahlenberg  and  True* 
found  the  growth  of  seedlings  of  Lupinus  albus  to  cease.  It 
appears,  therefore,  that  this  cessation  of  growth  is  due  to  in- 
creased permeability,  causing  decreased  turgor  of  the  cells. 

Changes  in  permeability  may  also  affect  secretion  (excretion). 
The  addidon  or  formation  of  alcohol  or  acetates  causes  yeast  and 
other  fungi  to  secrete  (excrete)  for  a  short  time,  various  sub- 
stances, especially  enzymes  which  do  not  come  out  in  a  culture 
medium  lacking  the  reagent.*  It  appears  that  the  alcohol  or_ 
acetates  increase  the  permeability  of  the  fungi  to  these  substances. 

My  own  experiments* .  indicate  that  pure  MgCU  solutions 
increase  the  permeability  of  yeast.  A  certain  per  cent,  of  yeast 
and  dextrose  in  .3  molecular  MgCU  eliminated  C0»  more  rapidly 
than  .5M  NaCI  or  .^2$M  CaCI-,  all  which  have  about  the  same 
freezing  points.  Also,  the  COi  elimination  was  more  rapid  in 
the  magnesium  solution  than  in  a  solution  of  the  same  concen- 
tration of  MgCli  with  either  of  the  other  salts  in  addition,  or  in  a 
solution  containing  NaCl  and  CaCli  in  the  same  concentrations 
as  in  their  respective  pure  solutions,  or  in  a  solution  of  all  three 
salts,  or  in  tap  or  distilled  water.  In  order  to  determine  whether 
the  magne^um  entered  the  cells  I  took  two  equal  masses  of  com- 
pressed yeast  and  agitated  one  in  HiO  and  the  other  in  a  molecular 
solution  of  MgCli  for  5  hours,  then  washed  each  rapidly  in  HjO 
by  means  of  the  centrifuge.  The  ash  of  the  magnesium  culture 
■=  .048  gram,  that  of  the  control  =  .0466  gram.  Evidently 
the  Mg  did  not  enter  the  yeast  to  any  great  extent,  and  probably 
acted  on  the  surface,  increasing  the  permeability. 

Ewart'  observed  that  after  placing  plant  tissue  in  2  per  cent. 
HCl  and  washing  in  water  its  electric  conductivity  (ionic  per- 
meability) was  increased.  If  one  portion  of  the  plant  is  stimii- 
lated,  the  stimulus  may  be  transmitted  to  other  portions.     In 

•  KahlenberE  and  True.  Botanical  GoMtUe.  1896.  XXII..  p.  Si. 

'  Zangger,  "Asher  and  Spiro's  Ergeb.  d.  Physiol.."  1908,  VII.,  144. 
'  McClendon,  Am.  Jour.  Physiol.,  1910.  XXVII.,  p.  365. 

*  "  Protoplasmic  Streaming  in  Plants."  Oxford.  1903,  p.  96, 
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this  way  increase  in  electric  conductivity  was  produced  by  stimu- 
lation of  a  point  outside  the  path  of  the  current. 

Whereas  many  plants  are  very  sensitive  to  sudden  and  extreme 
changes  in  osmotic  pressure,  Osterhout^  found  that  certain  marine 
algae  thrived  when  subjected  daily  to  a  change  from  fresh  water, 
to  sea  water  evaporated  down  until  it  crystallized  out,  and  vice 
versa.  He  does  not  state  whether  these  algae  survive  extreme 
plasmolysis,  or  whether  they  are  so  easily  permeable  to  salts 
as  not  to  be  plasmolyzed  by  the  saturated  sea  water  or  burst 
by  the  fresh  water. 

For  regulation  to  slight  changes  in  the  osmotic  pressure  of  the 
medium,  a  change  in  size  of  the  cell  altering  the  turgescence,  or 
tension  of  the  cell  wall,  is  sufficient. 

If  Tradescantia  cells  are  placed  in  a  hypotonic  solution,  they 
begin  to  swell.  But  soon  crystals  of  calcium  oxalate  are  formed 
in  the  cell  sap,  and  in  this  way  the  turgor,  due  chiefly  to  oxalic 
acid,  is  reduced.*  It  would  be  interesting  to  know  what  is  the 
source  of  the  Ca*.  Was  it  previously  in  combination  with  pro- 
teids? 

The  accommodation  to  a  hypertonic  medium  takes  place,  ac- 
cording to  van  Rysselberghe,  partly  through  absorption  of 
substances  of  the  medium  and  partly  through  metabolic  produc* 
tion  of  osmotic  substances,  chiefly  the  transformation  of  starch 
into  oxalic  acid.* 

III.      BlO-ELECTRICAL  PHENOMENA. 

I .  In  Plants. 

Change  in  permeability  of  the  plasma  membrane  to  ions  would 
necessarily  cause  electrical  change  due  to  its  influence  on  the 
migration  of  ions.  These  electrical  changes  actually  occur,  and 
may  be  easily  studied. 

Stimulation  or  wounding  in  plants  is  accompanied  by  an  elec- 
tronegative variation  of  the  affected  surface.  This  negative 
region  spreads  in  all  directions  over  the  surface,  but  the  rate  of 

1  Univ.  of  Cal.  Pub.,  Bot.,  1906,  II.,  327. 

«  Van  Rysselberghe,  M6m.  d.  TAcad.  royale  de  Belgique,  1899,  LVIIL,  i. 

•  Compare  von  Mayenberg  Jahrb.  f.  wiss.  Bot.,  XXXVI..  381. 
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propagation*  is  much  slower  than  the  similar  process  in  muscle 
or  nerve.* 

Pfeffer^  supposed  that  the  plasma  membrane  is  normally  per- 
meable to  ions  of  only  one  sign.  Since  the  normal  cell  surface 
is  positive  in  relation  to  the  cell  interior  (cut  surface)  we  may 
conclude  that  the  plasma  membrane  is  normally  more  permeable 
to  kations  (less  permeable  to  anions).  Just  as  the  negative 
variation  of  wounding  is  due  to  the  removal  or  rupture  of  the 
plasma  membrane,  so  the  negative  variation  of  stimulation  would, 
on  the  membrane  hypothesis,  be  due  to  increase  in  permeability 
of  the  plasma  membrane  to  the  confined  anions. 

An  alternative  hypothesis  is  that  these  electrical  changes 
result  from  changes  in  metabolic  activity.  The  production  of  an 
electrolyte  whose  anion  and  kation  have  very  different  speeds 
of  migration  (such  as  an  acid  or  alkali)  would  cause  electrical 
changes.  But  how  are  we  to'  account  for  changes  in  metabolic 
activity?  There  exists  varied  evidence  for  changes  in  perme- 
ability, and  it  is  simpler  to  assume  that  changes  in  metabolic 
activity  and  electrical  changes  are  both  the  result  of  changes  in 
permeability. 

Kunkel*  tried  to  explain  the  vital  electrical  phenomena  as  the 
result  of  the  movement  of  fluids  in  the  vessels  of  the  tissues,  but 
bio-electrical  changes  may  occur  without  such  movement  of 
fluids  (Burdon-Sanderson). 

Kunkel  observed  in  1882*  that  the  movement  of  the  leaf  of 
Mimosa  pudica  is  accompanied  by  an  '* action  current,"  or  nega- 
tive variation  of  one  surface  of  the  pulvinus.  Similar  results  on 
Dioncea  leaves  were  obtained  by  Munk*  and  specially  studied 
by  Burdon-Sanderson.^  It  was  stated  above  that  Lepeschkin 
had  shown  that  the  turgor  changes  in  plants  were  accompanied 
or  immediately  preceded  by  changes  in  permeability  to  certain 
substances.     The  electrical  phenomena  suggest  that  the  turgor 

1  Which  is  in  mimosa  600-1,000  times  as  fast  as  the  geotropic  impulse  in  a  root. 
'Fitting,  '*Asher  and  Spiro's  Ergeb.  d.  Physiol.,"  1906,  V.,  155. 
'  "  Pflanzenphysiologie." 

*  Arch.  f.  d.  ges.  Physiol.,  1881,  XXV.,  342. 

'See  Wintcrstein's  "Handbuch  der  vergleichenden  Physiologic,*'  III.  (2),  2, 
p.  214. 

*  Arch.  f.  Anat.  u.  Physiol.,  1876,  XXX..  167. 

^  Proc.  Roy.  Soc.  London,  1877,  XXV.,  441;  Philos.  Trans.,  1888,  CLXXIX.,  417. 
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change  is  accompanied  (or  immediately  preceded)  by  increase  in 
permeability  of  the  plasma  membrane  to  anions.  Burdon- 
Sanderson  states  that,  whereas  the  movement  resulting  from 
turgor  change  begins  2.5  seconds  after  stimulation,  the  negative 
variation  reaches  its  maximum  i  second  after  stimulation.  This 
may  be  due  to  the  mechanical  inertia,  or  the  time  required  for 
the  diffusion  of  substances. 

It  was  stated  in  the  preceding  chapter  that  light  changes  the 
permeability  of  the  plasma  membrane,  and  Waller^  found  cor- 
responding electrical  changes  due  to  light,  but  not  always  in  the 
same  direction  in  different  plants.  This  inconstancy  in  direction 
is  probably  due  to  the  fact  that  light  not  only  influences  the 
permeability,  but  al^o  the  assimilation,  and  changes  in  assimi- 
lation produce  electric  changes.  This  is  supported  by  the  fact 
that  Querton*  found  that  assimilation  as  well  as  electric  change 
is  most  affected  by  the  longer  light  rays. 

2.   In  Muscle  and  Nerve} 

Ostwald*  proposed  the  hypothesis  that  the  electric  phenomena 
of  muscle,  nerve  and  the  electric  organs  of  fish  (which  may  reach 
several  hundred  volts)  are  produced  with  the  aid  of  semiper- 
meable membranes.  The  alternative  theory  of  Hermann,  which 
would  account  for  the  current  of  injury  by  assuming  the  pro- 
duction of  some  electrolyte  (alkali?)  in  the  wounded  region,  whose 
anions  and  kations  have  very  different  speeds,  seems  less  prob- 
ably to  be  the  correct  one. 

According  to  the  '*  membrane  theory,"  the  muscle  or  nerve 
element  is  surrounded  by  a  semipermeable  membrane  allowing 
easier  passage  to  kations  than  to  anions.  The  kations  passing 
through  the  membrane  are  held  back  by  the  negative  field  pro- 
duced by  the  confined  anions,  but  owing  to  their  kinetic  energy, 
the  kations  pass  out  far  enough  to  give  the  outside  of  the  cell 
surface  a  positive  charge.  Therefore  any  portion  of  the  surface 
that  is  made  freely  permeable  to  anions  becomes  electronegative 

1  Jour,  of  Physiol.,  iSpp-'oo.  XXV.,  18. 

*  '*  Contribution  ^  r6tude  du  mode  de  la  production  de  I'^iectricit^  dans  etres 
vivantes."  Travaux  de  VInstitut  Solvay,  1902,  V. 

»Cf.  R.  Lillie,  Amer.  Jour.  Physiol.,  1911.  XXVIII.,  197. 

*  Zeil.  physik.  Chem.,  1890,  VI.,  71. 
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in  relation  to  the  remainder  of  the  surface.  This  negative 
variation  may  be  produced  by  artificially  removing  or  altering  a 
porrion  of  the  membrane  (producing  the  current  of  injury)  or 
as  the  result  of  normal  stimulation,  making  it  [>ermeable  to  anions 
(action  current). 

Bernstein  resorted  to  mathematical  proof  of  this  hypothesis. 
We  will  not  here  go  into  details,  but  the  gist  of  the  matter  is 
that  if  the  process  were  as  we  have  imagined  it,  the  electromotive 
force  of  the  current  of  injury,  or  action  current,  should  be  pro- 
portional to  the  absolute  temperature.  He  found  this  to  be 
true  for  temperatures  between  o"  and  18°,  but  between  18"  and 
32°  the  E.M.F.  was  found  to  be  too  small.  The  muscle  was  not 
permanently  injured  by  exposure  to  the  higher  temperatures 
for  the  length  of  time  necessary  for  the  experiments.  Bernstein 
explained  this  discrepancy  by  the  further  assumption  that  at  the 
higher  temperatures  the  plasma  membrane  became  slightly 
more  permeable  to  anions.' 

Since  the  muscle  contains  a  higher  per  cent,  of  potassium  than 
the  blood  plasma  or  lymph,  it  might  be  supposed  that  K  ions 
passed  outward  through  the  plasma  membrane  and  gave  the 
surface  of  the  muscle  element  the  positive  chaise.  But  if  this 
were  the  case,  the  current  of  injury  should  be  reversed  by  placing 
the  muscle  in  a  solution  containing  potassium  in  greater  concen- 
tration than  in  the  muscle.  This  reversal,  however,  was  shown 
by  Hober  not  to  occur.  Since  lactic  and  carbonic  acids  are  pro- 
duced by  muscle  and  diffuse  out  in  increased  amount  on  contrac- 
tion, one  might  suppose  H  ions  to  give  the  muscle  surface  the 
positive  chaise.  This  is  only  a  guess  (and  a  poor  one,  since  un- 
dissociated  molecules  of  COt  and  lactic  acid  are  lipoid-soluble) 
but  may  be  convenient  until  some  better  one  is  proposed.  Per- 
haps the  carbonic  acid  combines  with  amphoteric  proteids,  which 

1  This  is  similar  to  the  conclusion  reached  by  Biataszewicz,  Bull.  d.  VAcad.  d' 
Sc.  d.  Craamie.  Sc.  Math.  e.  Nat..  Oct..  190B,  p.  783,  in  regard  to  the  unfertiliied 
frog's  egg.  In  order  to  explain  Iii9  observation  that  the  rate  of  swelling  in  tap 
water  increased  s  times  for  every  10°  tise  in  temperature,  he  assumed  that  heat 
jncreaied  the  permeability  to  KiO.  This  would  seem  to  be  the  simplest  explana- 
tion, provided  the  swelling  were  not  due  to  chemical  production  of  osmotic  sub- 
stances: and  since  the  4  of  the  ripe  ovarian  egg  is  .48°  but  is  reduced  to  -045°  after 
ovipositjon,  Biothetn.  Ztil.,  190Q,  XXII..  390,  much  if  not  all  of  the  swelling  fa 
probably  due  to  the  initial  osmotic  pressure  of  the  egg  interior. 
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then  set  free  H"*"  and  HCOj"*  ions,  thus  increasing  the  ionization 
and  therefore  reducing  the  number  of  undissociated  molecules, 
which  can  escape.* 

Since  Osterhout  showed  that  certain  electrolytes  may  alter 
the  permeability  of  cells,  we  might  expect  to  find,  on  the  membrane 
hypothesis,  an  effect  of  salts  on  the  electric  polarization  of 
muscle.  Hober*  observed  that  a  portion  of  the  surface  of  a 
muscle  treated  with  certain  salts,  KCl  for  instance,  becomes 
electro-negative  (more  permeable  to  anions)  whereas  a  portion 
treated  with  Nal  or  LiCl  becomes  positive  (still  less  permeable 
to  anions  than  is  the  normal  unstimulated  muscle).  The  order 
of  effectiveness  of  the  ions  is  as  follows :  Li  <  Na  <  Cs  <  NH4  <  Rb 
<K  and  CNS < N08<I< Br < CI < valerianate,  butyrate,  pro- 
pionate, acetate,  formate  <S04,  tartrate.  Similar  ionic  series 
were  found  by  Overton,  R.  Lillie,  Schwartz,  Mathews,  Griitzner, 
Hober,  and  Mayer  in  the  effect  of  salts  on  the  functional  activity 
of  muscle,  nerve  and  cilia,  but  the  exact  relation  of  these  phe- 
nomena to  permeability  is  not  understood  in  every  case.  Pure 
solutions  of  salts  of  alkali  .metals  may  "inhibit"  muscle  by  in- 
creasing permeability,  but  salts  of  alkali  earth  metals  are  said 
to  ''inhibit"  by  decreasing  permeability.  .  Mayer  says  that  the 
effect  of  salts  on  cilia  is  the  reverse  of  that  of  muscle,  but  the 
relation  of  this  to  permeability  is  not  known.  Since  ions  affect 
the  aggregation  state  of  hydrophile  colloids  in  the  same  or  ex- 
actly reversed  order,  and  the  kation  series  is  found  in  no  other 
known  physico-chemical  phenomena,  it  might.be  supposed  that 
the  semipermeable  membranes  of  muscle  are  colloidal. 

It  seems  probable  that  sugar  solutions  inhibit  the  activity  of 
muscle  by  increasing  the  permeability,  but  since  sugar  is  not  an 
electrolyte  this  question  cannot  be  tested  by  electric  methods. 

A  negative  variation  of  muscle  may  also  be  produced  by  the 
so-called  "  hemolytic "  substances,  but  is  irreversible,  whereas 
that  produced  by  salts  may  be  reversible.     In  this  connection  it 

^Roaf,  Q.  J.  Exper.  Physiol.,  1910,  III.,  i^ii  supposed  the  anion  to  be  protein; 
however  it  has  not  been  shown  that  proteids,  or  even  amino  acids  diffuse  out  on 
stimulation.  I  do  not  see  that  the  speculation  of  Galeotti,  ZeiLf.  Allgem.  PhysioU, 
1907.  VI..  99,  is  at  all  explanatory. 

*Loc,  cit.  and  PftHger's  Arch.,  1910,  CXXXIV.,  311. 
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is  interesting  to  note  that  Overton'  found  the  permeability  of 
muscle  to  be  similar  to  that  of  plant  cells. 

It  might  appear  to  the  reader  that  the  membrane  theory  is 
merely  wild  speculation.  What  proof  have  we  that  on  injury 
or  during  contraction  the  muscle  is  more  permeable  to  any  ion? 

DuBois  Reymond'  and  Hermann'  explained  the  fact  that  living 
muscle  has  a  greater  electric  resistance  than  dead  muscle  on 
the  hypothesis  that  the  resistance  of  living  muscle  is  due  to  the 
presence  of  membranes,  which  become  more  permeable  at 
death.  They  demonstrated  the  resistance  of  muscle  tissue  to 
the  passage  of  ions  by  the  fact  that  electric  polarization  occurs 
in  muscle  tissue  on  the  pasage  of  an  electric  current.  It  seems 
to  me  that  Kodis^  and  Galeotti'  take  a  step  backward,  in  at- 
tributing the  decreased  resistance  of  dead  muscle  to  the  liberation 
of  ions.  Galeotti  tried  to  support  his  view  by  determinations 
of  the  freezing  points  of  the  living  and  dead  muscle,  but  found 
on  the  contrary  that  the  change  in  electric  conductivity  of  the 
muscle  did  not  correspond  to  the  change  in  the  osmotic  pressure. 

Du  Bois  Reymond'  observed  that  the  electric  conductivity 
of  muscle  changes  on  (during?)  contraction  and  Galeotti*  found 
it  to  be  greater  on  strong  contraction  than  on  weak  contraction, 
and  least  on  fatigue-exhaustion  or  cold-ansesthesia.  However, 
tht  duration  of  a  contraction  is  momentary  (about  1/5  second  for 
frog's  muscle)  and  it  is  not  clear  that  these  investigators  measured 
the  conductivity  accurately  during  such  a  brief  period,  in  fact 
they  probably  measured  it  after  contraction.  Therefore  I 
decided  to  repeat  these  experiments,  using  a  method  by  which 
I  could  measure  the  conductivity  during  the  actual  contraction 
period,  as  well  as  in  the  unstimulated  condition.* 

1  PflagtrS  Arch..  igo2.  XCII.,  115. 

<  "Untusuchungen  liher  thietische  Elcctricil^l."  1849. 

'  Pfi&ger'i  Arch.,  1873.  V..  333,  VI.,  313- 

'  Am.  Jour.  Physiol.,  1901.  V.,  367. 

^ZeU.f.  Biol.,  n.  f.,  15OJ.  XXV,.  389;  '903.  XXVII.,  65. 

*  Loc.  cit. 

'  Lot.  cU. 

'  McClendon.  Atnrrican  Journal  of  Physiology.  1913,  XXIX..  302. 
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Experifnenlal. 

Platinum  electrodes,  platinized  with  platinic  chloride  contain- 
ing a  little  lead  acetate,  and  of  a  form  similar  to  those  designed 
by  Galeotti,  were  used.  Galeotti  stimulated  the  muscle  through 
the  same  electrodes  used  in  measuring  the  electric  conductivity, 
by  switching  on  a  different  electric  current.  Though  it  were 
possible  to  throw  a  switch  quickly  enough  to  have  the  current 
for  measurement  of  conductivity  pass  through  the  muscle 
during  contraction,  it  would  be  necessary  to  use  a  string  gal- 
vanometer to  take  the  reading,  and  this  method  would  probably 
not  be  very  accurate.  A  more  accurate  method  is  that  of  Kohl- 
rausch,  in  which  a  rapidly  alternating  current  reduces  polarization 
at  the  electrodes  and  in  the  tissue,  but  it  is  necessary  to  throw  the 
muscle  into  tetanus  in  order  to  have  time  for  the  reading.  I 
accomplished  this  by  using  the  same  current  for  stimulation  and 
measurement  of  conductivity.  A  very  small  induction  coil  was 
fitted  with  a  rheostat  in  the  primary.  Another  rheostat  in  the 
secondary  could  be  thrown  out  of  the  circuit  by  a  switch.  By 
adjusting  the  rheostats,  a  current  strong  enough  to  be  dis- 
tinctly heard  in  the  telephone,  yet  too  weak  to  stimulate  the 
muscle,  was  obtained.  By  switching  the  resistance  out  of  the 
secondary  circuit,  the  current  could  immediately  be  increased  so 
as  to  throw  the  muscle  into  tetanus.  Since  the  Wheatstone 
bridge  was  used,  the  difference  in  current  strengths  had  no  direct 
effect  on  the  readings.  The  conductivity  increased  from  6  to 
28  per  cent,  (being  usually  about  15  per  cent.)  on  stimulation. 

We  have,  then,  evidence  for  the  increase  in  permeability  of 
muscle  to  ions  during  contraction,  but  what  relation  has  this 
to  the  mechanism  of  the  contractile  process?  It  has  been  sug- 
gested by  D'Arsonval,  Quincke,  Imbert,  Bernstein,  Galeotti 
and  others  that  the  increased  permeability  to  ions  causes  a  dis- 
appearance of  the  normal  electrical  polarization  of  the  elements, 
whose  surface  tension  consequently  increases,  causing  them  to 
round  up  (shorten).  But  what  are  the  elements  concerned? 
It  would  be  confusing  to  assume  them  to  be  the  fibers,  as  then  the 
function  of  the  complicated  internal  structure  would  be  unex- 
plained. They  are  probably  not  the  sarcous  elements  (por- 
tions of  fiber  between  2  Z-lines)  as  the  rounding  up  of  these  ele- 
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ments  would  elongate  the  muscle.  And  even  though  contraction 
were  produced  by  inequality  in  surface  tension,  as  assumed  by 
Macallum^  the  total  surface  change  would  be  so  small  as  not  to 
account  for  the  energy  liberated  in  contraction.  In  order  to 
avoid  this  last  difficulty  Bernstein  made  use  of  hypothetical 
ellipsoids.  These  were  surrounded  by  elastic  material  to  account 
for  elongation  of  the  muscle.* 

The  great  differences  of  potential  (several  hundred  volts)  that 
may  be  produced  by  the  electric  organs  of  fish,  is  achieved  by 
the  arrangement  of  the  modified  muscle  plates  in  series.  All  of 
the  plates  have  the  nerve  termination  on  the  same  side.  On 
stimulation  of  the  nerve,  each  plate  becomes  negative,  first  on 
the  nerve  termination  side,  and  thus  the  negative  side  of  one 
plate  touches  the  positive  side  of  the  next  plato.  In  this  way 
the  direction  of  the  current  may  be  determined  by  studying  the 
anatomy  of  the  innervation.  This  rule,  discovered  by  Pacini, 
finds  an  exception  only  in  Malopterurus,  whose  electric  organ 
is  supposed  by  Fritsch  to  be  derived,  not  from  muscle  but  from 
skin  glands. 

The  electric  fish  are  relatively  immune  to  electric  currents 
passed  through  the  medium.  This  is  not  merely  an  apparent 
immunity  due  to  the  fish  being  out  of  the  path  of  the  current,  or 
the  current  being  short  circuited  by  sea  water  (in  case  of  marine 
fish).  I  have  received  severe  shocks  from  a  torpedo  that  was 
entirely  submerged  in  sea  water. 

3.  Amcsboid  Movement} 

The  normal  unstimulated  surface  of  plant  and  animal  tissues 
is  electro-positive  in  relation  to  the  cut  or  injured  surface  of 
the  cells.  We  have  given  reasons  for  assuming  that  this  indicates 
greater  permeability  of  the  plasma  membrane  to  kations  than  to 
anions,  the  latter  accumulating  in  the  cell  interior,  gives  it  a 
negative  charge. 

There  are  two  reasons  for  believing  that  this  is  true  also  of  the 
Amosba: 

^  Science,  n.  s.,  1910.  XXXII.,  822. 

*  Meigs.,  Am.  Jour,  Physiol,,  1910,  XXVI.,  191,  supposes  the  rounding  up  of 
muscle  elements  due  to  increased  turgor. 

•  McClendon,  Arch,  /.  d.  ges.  Physiol.,  191 1,  CXL.,  271. 
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I.  If  a  weak  electric  current  is  passed  through  water  in  which 
an  Amcsba  is  suspended,  it  is  carried  passively  toward  the  anode, 
indicating  that  it  has  a  negative  charge.  This  charge  may  be 
due  to  confined  anions. 

?.  If  a  stronger  electric  current  is  passed  through  an  Amcsba, 
it  begins  to  disintegrate  first  at  that  surface  nearest  the  anode. 
The  disintegration  is  probably  due  to  the  accumulation  of  ions 
retarded  by  the  plasma  membrane.  The  ions  in  the  medium  are 
free  to  pass  around  the  Amcsba^  but  the  contained  ions  must  pass 
the  plasma  membrane  in  order  to  migrate  to  the  electrodes. 
Since  the  disintegration  is  toward  the  anode,  it  is  probably  due 
to  anions  which  cannot  get  out  of  the  Atnceba.  Since  no  corre- 
sponding disintegration  begins  toward  the  kathode,  the  plasma 
membrane  is  probably  more  permeable  to  kations. 

The  surface  tension  of  the  Amcsba  is  very  low,  and  apparently 
increases  on  strong  stimulation  (indicated  by  rounding  up  of  the 
Amcsba),  We  saw  that  stimulation  in  plant  and  muscle  cells 
caused  increased  permeability  to  ions,  and  consequently  dis- 
appearance of  the  normal  electrical  polarization,  and  thereby 
causing  increased  surface  tension.  We  might  conclude  therefore 
that  the  low  surface  tension  of  the  Amcsba  is  caused  by  electric 
polarization,  due  to  the  production  of  some  metabolic  electrolyte 
whose  anions  cannot  escape;  and  that  strong  stimulation  causes 
increased  permeability  and  hence  disappearance  of  the  electrical 
polarization. 

This  would  explain  all  negative  tropisms  of  the  Amcsba,  The 
surface  tension  of  the  portion  most  strongly  stimulated  is  in- 
creased, and  the  Amcsba  flows  away  from  the  stimulus. 

In  order  to  explain  positive  tropisms  we  would  have  to  make 
another  assumption.  If  the  stimulus  did  not  act  directly  on  the 
plasma  membrane,  but  penetrated  the  Amcsba  and  acted  on  the 
protoplasm,  and  increased  the  production  of  the  metabolic 
product  producing  polarization  of  the  plasma  membrane,  it 
would  thereby  decrease  the  surface  tension.  The  local  decrease 
in  surface  tension  would  cause  the  Amcsba  to  flow  toward  the 
source  of  the  stimulus,  just  as  the  quicksilver  drop  in  dilute 
HNOa  flows  toward  potassium  bichromate  in  Bernstein's  experi- 
ment.  . 


:♦ 
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All  Stimuli  producing  positive  tropism  would  then  have  to 
penetrate  to  a  greater  or  less  distance  into  the  Amceba,  But  the 
same  stimulus  thus  acting  on  the  interior  might,  in  greater 
intensity,  affect  also  the  plasma  membrane,  increasing  its 
permeability  and  changing  the  positive  to  negative  tropism. 
Such  a  change  of  the  sign  of  tropism  has  been  observed. 

Soap  lowers  the  surface  tension  of  fats  and  lipoids,  and  Quincke, 
Biitschli,  Loeb,  Robertson  and  others  supposed  that  lowering 
of  the  surface  tension  of  living  cells  might  be  due  to  soap.  How- 
ever, I  found  that  soap  always  causes  negative  tropism  in  Amoeba ^ 
probably  because  it  increases  the  permeability  of  the  plasma 
membrane. 

4.  The  Propagation  of  the  Bio-electric  Changes, 

On  the  hypothesis,  that  the  electric  phenomena  in  muscle  and 
nerve,  as  well  as  other  animal  and  also  plant  tissues,  is  due  to 
change  in  permeability  to  ions,  we  might  hope  to  explain  the 
wave-like  propagation  of  these  changes.  Since  extraneous 
electric  currents  "stimulate"  all  tissues  (presumably  by  in- 
creasing permeability)  thus  causing  them  to  produce  additional 
electric  phenomena,  it  seems  natural  that  these  latter  would  be 
self-propagating.  It  is  probably  the  negative  variation  of  nerve 
which  stimulates  the  muscle,  and  the  negative  variation  of  the 
portion  of  the  muscle  fiber^  adjoining  the  nerve  ending,  which 
stimulates  the  adjacent  portions  of  the  muscle.  Nernst  found 
mathematical  proof- that  electric  stimulation  is  due  to  change  in 
ionic  concentration  at  the  semipermeable  membranes. 

I  have  found  evidence  that  the  negative  variation  (current  of 
injtiry)  in  plants,  may  strongly  affect  adjacent  cells.  If  an 
electric  current  of  suitable  density  is  passed  through  plant  or 
animal  tissue,  negatively  charged  colloids  in  the  protoplasm 
migrate  toward  the  anode.  I  have  observed  this  movement  in 
living  cells,  and  the  resulting  displaced  bodies  in  histological 
sections.  In  certain  cases  there  may  be  some  doubt  whether 
the  colloids  moved  toward  the  anode,  or  water  toward  the 
kathode,  but  in  others,  easily  distinguishable  bodies  such  as 
chromatin  granules  or  threads  moved  toward  the  anode. 

If  the  tip  of  a  root  be  cut  off  we  observe  a  negative  variation 
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of  the  cut  surface.  This  produces  an  electric  current  through 
the  medium  and  surrounding  tissue.  The  fact  that  the  current 
actually  passes  through  adjacent  cells  is  shown  by  a  displacement 
of  their  contained  colloids,  identical  in  appearance  with  the 
displacement  produced  by  the  currents  used  in  the  above  experi- 
ments. Nimec^  apparently  observed  these  changes  but  did  not 
correctly  describe  or  interpret  them. 

The  fact  that  an  electric  current  on  increase  (make)  stimulates 
muscle  at  the  kathode,  and  the  fact  that  the  muscle  surface  is 
normally  positive  in  relation  to  the  interior  (cut  surface),  prob- 
ably indicates  that  stimulation  is  produced  by  a  rapid  depolari. 
zation  of  the  muscle  surface. 

If  this  reasoning  be  applied  to  an  individual  contractile 
element,  we  may  assume  that  the  current  causes  kations  to  leave 
the  outer  surface  of  the  membrane,  and  other  kations  to  be 
attracted  toward  the  inner  side  of  the  membrane,  and  thus  the 
polarization  disappears  or  may  even  be  reversed.  Just  how  this 
causes  an  increase  in  permeability  of  the  membrane  is  a  matter 
which  we  will  leave  to  the  future  for  discussion. 

It  has  been  supposed  that  the  stimulated  region  acts  as  kathode 
to  the  adjacent  portions,  and  these  in  turn  act  as  kathodes  to 
the  next  portions  and  so  the  stimulus  is  propagated. 

Stimulation  of  a  part  of  the  surface,  causing  it  to  become  more 
permeable  to  ions,  depolarizes  the  ajdjacent  parts  of  the  surface 
owing  to  the  fact  that  confined  anions  migrate  through  the 
permeable  region  and  neutralize  the  charges  of  the  kations  on 
adjacent  parts  of  the  impermeable  region  (see  Fig.  i).  For  this 
reason  the  increase  in  permeability  is  propagated. 

This  explanation  of  the  phenomenon  in  a  single  element  holds 
for  a  tissue  made  up  of  many  elements  provided  these  are  in 
contact,  as  illustrated  by  the  accompanying  Fig.  2.  This  is 
probably  the  mechanism  of  propagation  of  the  negative  variation 
(and  ** stimulus")  in  many  plant  and  ailimal  tissues. 

This  mechanism  accounts  for  the  movement  of  the  negative 
variation  over  a  surface.  But  it  may  be  possible  for  this  electric 
change  to  jump  from  one  element,  to  another  not  touching  it. 
The  observations  on  the  current  of  injury,  cited  above,  show  that 

»  "Reizleitung  u  .d.  reizleitenden  Strukturen  b.  d.  Pflanzen/'  Jena.  1901. 
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increased  permeability  of  part  of  a  tissue  surface,  may  csLU^e 
electric  currents  to  flow  through  cells  some  distance  from  the 
wound.  These  currents  probably  stimulate  the  cells  through 
which  they  pass,  which  in  turn  become  permeable  and  produce 
electric   currents.    This   explains   the   propagation   of  stimuli 

f 


Anions  represented  by  minus  sign,  kations  represented  by  plus  sign.  Arrows 
denote  the  direction  of  migration  of  ions.  The  large  circle  represents  the  plasma 
membrane,  the  dotted  line  denoting  the  permeable  and  the  continuous  line,  the 
impermeable  portion. 

through  loose  tissues,  and  the  structural  changes,  as  observed 
by  NSmec. 

The  rate  of  propagation  .of  the  **  wound  stimulus"  is  very  slow, 
whereas  that' of  propagation  of  the  "stimulus'*  (negative  vari- 
ation) in  sensitive  plants  is  more  rapid,  and  th^t  of  the  nerve 
impulse  still  more  rapid.  We  have  not,  however,  sufficient  data 
to  show  whether  this  is  a  mathematical  objection  to  the  hy- 
pothesis. 

The  streaming  movements  in-  plants  may  be  stopped  by  a 
strong  stimulus  or  "shock."  This  stimulus  is  usually  propagated 
in  one  or  more  directions.  Ewart^  states  that  the  rate  of  propa- 
gation at  18°  in  a  single  elongated  cell  of  Nitella  is  1-20  mm. 

1  Loc.  cit. 
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per  sec.,  but  where  it  has  to  pass  cell  walls  .001-.03  mm.  per  sec. 
However,  the  stoppage  of  the  streaming  was  his  criterion  of  the 
presence  of  the  stimulus,  and  probably  the  banking  of  the  stream 
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Fig.  2. 

The  squares  represent  the  plasma  membranes  of  adjacent  cells. 

explanation  see  Fig.  i. 


For  further 


at  one  point,  soon  stopped  the  whole  stream  thus  simulating 
the  propagation  of  the  stimulus. 

IV.  Narcosis. 

If  stimulation  consists  in  increase  in  permeability,  we  should 
expect  anaesthetics  to  prevent  this  change.  The  object  of  this 
chapter  is  to  present  evidence  that  may  support  or  refute  such  a 
hypothesis. 

Overton  observed  that  warm-  and  cold-blooded  vertebrates, 
insects  and  entomostraca,  require  practically  the  same  con- 
centration of  the  anaesthetic  for  narcosis.     Certain  groups  of 
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worms  require  double,  and  protozoa  and  plants  six  times  this 
concentration.  We  might  conclude  from  this  that  nerves  (and 
especially  meduUated  nerves?)  are  more  susceptible  to  narcosis 
than  are  other  cells.  All  groups  of  worms  contain  nerves,  but 
Loeb  has  shown  that  certain  worms  may  perform  codrdinated 
movements  after  the  nerves  are  cut,  hence  the  higher  concen- 
tration of  the  narcotic  required  to  quiet  them.  However  it 
should  be  remembered  that  over-stiinulation  causes  rounding  up 
and  quiescence  of  Amceba  and  muscle  may  be  paralyzed  by 
increasing  the  permeability.  The  growth  of  plants  is  increased 
by  a  certain  concentration  of  ether  and  retarded  by  a  greater 
concentration.  It  may  be  that  true  narcosis  (decreased  perme- 
ability) of  protozoa  and  plants  cannot  be  produced  by  such 
substances  as  ether,  etc. 

Vertebrate  nerve  tissues  are  rich  in  lipoids  (which  have  similar 
solubilities  to  neutral  fats)  and  it  is  therefore  significant  that 
Overton  and  also  Meyer^  found  that  the  partition  coefficient  of 
anaesthetic  between  olive  oil  and  water  corresponds  to  its  anaes- 
thetic power.  Meyer*  showed  further,  that  with  change  of 
temperature,  the  change  in  the  partition  coefficient  between  oil 
and  water,  and  the  anaesthetic  power  of  the  substance  were 
parallel.  Pohl,  Frantz,  Gr^haut,  and  Archangelsky  found  that 
chloroform,  ether,  alcohol,  chloral -hydrate  or  acetone,  became 
more  concentrated  in  the  central  nervous  system  than  in  other 
tissues.  This  is  probably  due  to  the  absorption  of  the  narcotic 
by  the  lipoids  (especially  the  immense  mass  of  myelin)  in  the 
nerve  tissues. 

If  it  could  be  proven  that  the  plasma  membrane  consists  of 
lipoids,  this  solubility  of  narcotics  might  be  considered  direct 
evidence  for  or  against  the  permeability  hypothesis,  but  lacking 
such  proof  we  must  first  attack  the  subject  from  another  side. 

Hober*  observed  that  ethyl-methane,  phenyl-methane,  chloral- 
hydrate,  chloroform  and  hypnon,  in  low  concentration  prevent 
the  production  by  salts,  of  the  current  of  injury  on  muscle. 
He  showed  that  in  lethal  doses  on  the  contrary  these  narcotics  do 

*  Arch,  exp.  Path,  u.  Pharm.,  1889.  XLIL,  109. 

*  Arch.  exp.  Paih.  u.  Pharm.,  1901,  XL VI.,  338. 

»  Pfliigcr's  Arch.,  1907,  CXX.,  492,  501.  508.  Cf.  R.  Lillie,  Am,  Jour,  Physiol,, 
1913,  XXIX.,  373- 
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not  prevent  but  even  produce  a  current  of  injury,  in  this  way 
explaining  data  which  might  otherwise  seem  to  contradict  the 
first  statement.  Galeotti  and  Cristina^  observed  that  ether, 
ethyl-chlorid,  and  chloroform  produce  a  current  of  injury  on 
frog's  muscle. 

We  may  conclude,  then,  that  anaesthetics,  in  the  concentration 
producing  narcosis,  so  change  the  plasma  membrane  as  to 
prevent  salts  from  making  it  permeable  to  anions.  This  is 
probably  also  true  of  nerve,  since  Hober  found  that  ethyl- 
methane  in  low  concentration  prevented  the  sensitizing  of 
nerve  with  K2SO4. 

Hober  has  attempted  to  connect  these  facts  with  the  lipoid 
solubility  of  narcotics.  Moore  and  RoaP  had  observed  that 
small  quantities  of  such  narcotics  as  chloroform,  alcohol,  ether, 
or  benzol,  precipitated  lipoids  extracted  from  organs  and  sus- 
pended in  water.  But  H6ber  and  Gordon'  found  that  colloidal 
solutions  of  lecithin  were  not  precipitated,  but  were  made  trans- 
parent by  ether  or  chloroform  in  high  concentration.  Similarly, 
Goldschmidt  and  Pribram*  observed  that  lecithin  suspended  in 
NaCl  solution,  which  is  dissolved  by  chloral  hydrate,  methane, 
or  cocaine,  in  high  concentration,  is  precipitated  by  them  in  low 
concentration.  On  the  other  hand,  Koch  and  McLean'  state 
that  chloral,  hypnon,  acetone,  or  pure  ether,  do  not  change  the 
size  of  colloidal  particles  of  lecithin  (i.  «.,  make  them  easier  or 
more  difficult  to  salt  out).  Calugareanu"  explains  the  mechan- 
ism of  the  precipitation  ot  lipoids  by  anaesthetics  by  the  increase 
in  size  of  the  particles  due  to  absorption  of  the  anaesthetic. 

Thus  there  seems  to  be  a  parallel  difference  between  the  action 
of  low  and  high  concentrations  of  anaesthetics  on  muscle  and 
nerve,  and  the  action  of  the  same  on  lipoid  suspensions,  but  this 
does  not  hold  true  for  all  cases.  Moore  and  RoaF  conclude  that 
anaesthetics  are  bound,  not  only  by  lipoids,  but  also  by  proteids, 

I  Arch.  aUg.  Physiol.,  1910,  X.,  i. 

*  Proc.  Roy.  Soc.  London,  1904.  LXXIII.,  382;  1906,  LXXVII.,  86. 

*  Hofmeisters  Beitrage,  1904,  V..  432. 
*Zeit.  f.  exper.  Path.  u.  Thar.,  1909,  VI.,  i. 

*  Jour.  Pharm.  and  Exp.  Ther.,  1910,  II.,  249. 

*  Biochem.  Zeii.,  1910,  XXIX.,  96. 
^  Loc.  cit. 
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and  their  charactersitic  action  on  the  permeabihty  of  the  living 
cell  may  be  due  to  their  action  on  proteids.  In  other  words,  the 
plasma  membrane  may  be  entirely  proteid. 

It  is  well  known  that  during  narcosis  little  or  no  oxygen  is 
absorbed  by  nerve  tissue.  Verworn  and  his  pupils  assumed  that 
the  narcotic  directly  suppressed  oxidation.  On  the  other  hand 
Mansfeld^  supposed  that  the  narcotic  dissolving  in  a  lipoid  plasma 
membrane  made  it  less  permeable  to  oxygen.  It  would  be  more 
in  harmony  with  the  phenomena  considered  in  previous  chapters, 
to  suppose  that  the  narcotic  in  low  concentration  decreased  the 
permeability  of  the  plasma  membrane  to  the  anions  and  molecules 
of  some  acid  end  product  of  oxidation,  and  thus  stopped  the 
combustion.  An  objection  to  this  hypothesis  is  made  by  War- 
burg* who  found  that  phenylurethan,  which  only  slightly  re- 
duces oxidation  in  certain  cells,  fertilized  eggs,  delayed  cell 
division  enormously.  With  greater  concentration  of  the  narcotic, 
oxidation  was  greatly  reduced. 

V.   Osmotic  Properties  of  the  Blood  Corpuscles. 

Hamburger  and  Bubonavik*  have  concluded  that  the  ery- 
throcytes are  permeable  to  K,  Na,  Ca  and  Mg.  However,  the 
opposite  conclusion  was  reached  by  previous  workers. 

Gyrn's,*  Hedin,*  Traube"  and  others  observed  that  the  ery- 
throcytes are  relatively  impermeable  to  neutral  salts  (exc.  NH4 
salts)  amino  acids,  various  sugars  and  hexite,  slowly  permeable 
to  erythrite,  more  permeable  to  glycerine,  and  easily  permeable 
to  monovalent  alcohols,  aldehydes,  ketones,  esters,  ether,  and 
urea.  In  general,  it  may  be  said  that  the  erythrocyte  is  perme- 
able to  lipoid-soluble  substances  or  those  that  lower  the  surface 
tension  of  water.  Such  substances  (for  instance,  ether)  become 
more  concentrated  in  the  corpuscle  than  in  the  serum.  Saponin 
becomes  120,  and  ammonia  880  times  more  concentrated  in 
corpuscle  than  in  serum. ^ 

1  PflUger*s  Arch.,  1909,  CXXIX..  69. 
«  Zeit.  physiol.  Chem.,  LXVL.  305. 
*  Arch,  internat.  de  Physiol.,  1910,  X.,  i. 

^  Pflilger*s  Arch.,  1896.  LXIII..  86.  and  Koninkl.  Akad.  von  WeUnsch.  Amsterdam, 
1910,  p.  347. 

^PfiUger's  Arch.,  1897.  LXVIII..  229;  1898.  LXX.,  525. 

^  Biochem.  Zeit.,  1908,  X.,  371. 

'  Arrhenius.  Biochem.  Zeit.,  1908,  XL,  161. 
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The  erythrocytes  are  practically  impermeable  to  ions.  Stewart* 
observed  that  they  offered  a  great  resistance  to  the  electric 
current.  It  is  difficult  to  remove  all  of  the  serum  from  a  mass  of 
erythrocytes,  but  Bugarsky  and  Tangl,  working  independently 
of  Stewart,  obtained  sediments  of  corpuscles  having  a  conduc- 
tivity of  only  1/50  that  of  the  serum.  This  indicates  that  the 
corpuscles  are  practically  impermeable  to  both  classes  of  ions, 
for  if  permeable  to  ions  of  one  sign,  they  would  probably  not  be 
such  good  insulators.  The  electric  conductivity  of  the  ash 
(made  up  to  equal  volume)  of  the  corpuscles  is  about  that  of  the 
serum,  although  the  osmotic  pressure  of  the  solution  of  ash  of 
the  latter  is  greater.* 

Hence  an  increase  in  electric  conductivity  of  the  corpuscles 
(as  will  be  considered  below)  indicates  increased  permeability  to 
ions.  After  the  corpuscle  becomes  permeable  to  ions,  further 
increase  in  conductivity  might  be  due  to  liberation  of  ions  from 
combinations  with  colloids  in  the  interior.  However  many  ions, 
for  instance  PO4,  cannot  be  liberated  without  incineration  or  other 
rigorous  treatment.  Increase  in  conductivity  of  the  blood  by 
laking  agents  has  been  proven  to  be  chiefly  due  to  increased  per- 
meability of  the  corpuscles,  since  the  conductivity  of  the  serum 
never  shows  so  great  an  increase  on  the  addition  of  the  laking 
agent,  and  is  usually  diminished  (by  the  haemoglobin)  if  the  cor- 
puscles are  present. 

The  portion  of  the  normal  corpuscle  presenting  the  greatest 
resistance  to  the  electric  current  is  the  surface  layer,  since  Hober* 
observed  that  the  conductivity  of  the  interior  of  the  corpuscle 
(determined  by  its  dielectric  value)  is  many  times  greater  than 
that  of  the  corpuscle  as  a  whole.  Peskind*  caused  bubbles  of 
nitrogen  to  form  within  the  corpuscle  and  observed  that  they  were 
retained  by  a  superficial  membrane.  This  may  be  the  membrane 
which  resists  the  electric  current. 

The  chemical  composition  of  the  corpuscle  is  supposed  to  bear 
some  relation  to  its  permeability.  Aside  from  the  haemoglobin, 
and  the  rather  low  water  content  (60  per  cent.)  the  corpuscle 

^Science,  Jan.  22,  1897. 

*  Moore  and  Roaf,  Biochem.  Jour.t  III.,  155. 
*Pfiilger*s  Arch,,  1910.  CXXXIII..  237. 

*  Am.  Jour.  Physiol.,  VIII. 
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IS  composed  of  lecithin  and  cholesterin  with  a  little  nucleo- 
proteid.  It  is  probable  that  these  lipoids  are  chemically  different 
in  different  species  of  animals,  since  Lefmann^  observed  that  the 
lipoids  of  erythrocytes  of  the  same  species  are  not  toxic,  whereas 
those  of  another  species  may  be  very  toxic. 

The  distribution  of  these  substances  in  the  corpuscle  has  not 
been  ascertained.  Pascucci*  supposed  the  corpuscle  to  be  a  bag 
of  proteid  impregnated  with  lecithin  and  cholesterin  and  filled 
with  haemoglobin.  He  found  that  artificial  lecithin-cholesterin 
membranes  were  made  more  permeable  to  haemoglobin  by  the 
laking  agents,  saponin,  solanin  and  tetanus  or  cobra  poison. 
Dantwitz  and  Landsteiner  suppose  the  lecithin  to  be  in  com- 
bination with  protein. 

Hoppe-Seyler  assumed  the  haemoglobin  to  be  in  combination 
with  lecithin  in  the  corpuscle,  and  Bang*  has  shown  that  lipoids 
may  be  fixed  by  haemoglobin.  It  seems  evident  that  there  does 
not  exist  an  aqueous  solution  of  haemoglobin  within  the  corpuscle, 
since  haemoglobin  crystals  may  be  made  to  form  in  Necturus 
corpuscles  without  extraction  of  water.  Furthermore,  Traube 
and  Golden  thai*  find  that  haemoglobin  has  a  haemolytic  action, 
and  unless  there  exists  some  body  within  the  corpuscle  which 
antagonizes  this  action  (as  serum  does)  a  haemoglobin  solution 
could  not  be  retained  by  the  corpuscle.  Probably  all  of  the  so- 
called  "stroma"  constituents,  not  in  combination  with  the  hae- 
moglobin, form  the  plasma  membrane  of  the  corpuscle. 

Under  certain  conditions,  the  haemoglobin  comes  out  of  the 
corpuscles,  and  the  blood  is  said  to  be  laked.  Laking  of  '* fixed** 
corpuscles  occurs  only  after  the  removal  of  the  fixing  reagent. 
Thus,  sublimate-fixed  corpuscles  may  be  laked  by  substances 
which  combine  with  mercury,  such  as  potassium  iodide,  sodium 
hyposulphite  or  even  serum  proteids.  The  fact  that  they  may  be 
laked  by  heating  in  water  is  probably  because  the  nucleo-histone 
is  not  fixed  by  sublimate.  This  process  is  prevented  by  hypertonic 
NaCl  solution,  presumably  on  account  of  its  power  to  precipitate 
nucleo-histone  (Stewart).     Formaldehyde-fixed  corpuscles  may 

*  Betirdge  chem.  Physiol,  u.  Paih.,  XL,  255. 

*  Hofmeister's  Beitrdge,  1905,  VI.,  543,  552. 
*Ergeb.  d.  Physiol.,  1907,  VI.,  152. 

*  Biochem.  Zeit.,  1908,  X.,  390. 
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be  laked  by  ammoniacal  water,  at  a  femperature  which  must  be 
higher,  the  more  thoroughly  they  have  been  fixed.  Ammonia 
combines  with  formaldehyde. 

Stewart^  supposes  that  the  haemoglobin  must  be  liberated  from 
some  compound  before  the  blood  can  be  laked.  We  cannot  say 
that  the  corpuscle  is  always  permeable  to  haemoglobin  from  within 
outward.  However  the  corpuscle  probably  is  impermeable  to  it 
from  without  inward,  since  it  does  not  take  up  haemoglobin  from 
a  solution,  and  after  the  blood  is  laked  the  serum  contains  haemo- 
globin in  greater  concentration  than  the  "ghosts"  do. 

At  any  rate,  permeability  to  haemoglobin  appears  to  be  inde- 
pendent of  permeability  to  salts,  since  Rollett*  found  that  laking 
by  condenser  discharges  may  set  free  the  haemoglobin  without  the 
corpuscle  becoming  permeable  to  ions.  Stewart*  concluded  that 
the  same  is  true  of  laking  with  sodium  taurocholate  (even  after 
considering  the  depressing  action  of  haemoglobin  on  the  con- 
ductivity). 

Stewart*  and  others  had  already  shown  that  blood  laked  by 
minimal  applications  of  such  laking  agents  as  freezing  and  thaw- 
ing, heating  (to  60°),  foreign  serum,  and  autolysis  (spontaneous 
laking)  cause  but  a  slight  increase  in  the  permeability  to  ions, 
whereas  the  continued  application  of  some  of  these  agents,  or 
especially  such  violent  reagents  as  distilled  water  and  saponin, 
cause  a  marked  increase  in  electric  conductivity.  On  the  other 
hand,  if  saponin  is  added  to  defibrinated  blood  at  0°,  the  con- 
ductivity of  the  corpuscles  to  ions  begins  to  increase  before  any 
haemoglobin  escapes  from  the  corpuscles. 

The  liberation  of  the  haemoglobin  by  some  laking  agents  may 
be  due  to  the  direct  action  of  the  reagent  in  breaking  up  the  com- 
pound in  which  the  blood  pigment  exists,  but  is  probably  some- 
times a  secondary  effect,  following  increase  in  permeability  to 
electrolytes. 

It  has  been  shown  that  many  laking  agents,  lipoid  solvents, 
saponin  unsaturated  fatty  acids,  soaps,  and  haemolysins  (con- 
taining lipase)   are  such  as  would  alter  lipoids  physically  or 

^  Jour.  Pharm.  and  Exper.  TherapeuiicSt  1909.  I.,  49. 

"  Pfiuger's  Arch.,  1900,  LXXXIL,  199. 

*  Am.  Jour.  Physiol. ^  X. 

^Jour.  Physiol.,  1899,  XXIV.,  211. 
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chemically,  whereas  pressure,  trituration,  shaking,  heat,  condensor 
discharges,  freezing  and  thawing,  water,  drying  and  moistening, 
salts  (including  bile  salts),  acids  and  alkalis,  might  act  also  on 
proteids. 

Since  any  treatment  which  causes  great  swelling*  of  the  cor- 
puscle leads  to  loss  of  haemoglobin,  it  is  probable  that  stretching 
or  breaking  of  the  surface  film  increases  its  permeability.  But 
laldng  may  occur  without  swelling,  and  even  crenated  corpuscles 
may  be  laked  by  sodium  taurocholate. 

Hober*  observed  that  the  relative  action  of  ions  in  favoring 
haemolysis  is:  salicylate >benzoate> I >NOs,  Br>Cl>S04  and 
K  >  Rb  >  Cs  >  Na,  Li.  Since  this  is  the  order  in  which  they  affect 
the  aggregation  state  of  colloids,  their  action  is  probably  on  the 
aggregation  state  of  the  colloids  of  the  corpuscle  (proteids  or  lipoids 
or  their  combinations). 

The  permeability  of  formaldehyde-fixed  corpuscles  to  ions,  is 
greatly  increased  by  extraction  of  the  lipoids  with  ether,  or  by 
treatment  with  substances  such  as  saponin,  which  act  on  lipoids. 
Since  the  proteids  have  been  thoroughly  fixed,  it  is  evident  that 
they  play  no  part  in  this  process,  though  they  may  do  so  in  the 
non-fixed  corpuscles. 

The  relation  of  lipoids  outside  of  the  corpuscles  to  haemolysis 
has  been  extensively  investigated,  and  cannot  be  fully  treated 
here.  Willstatter  found  that  cholesterin  combines  with  one  of 
the  saponins,  destroying  its  haemolytic  power.  Iscovesco*  con- 
cludes that  cholesterin  combines  with  soap,  and  prevents  its 
toxic  action. 

Changes  in  permeability  of  the  corpuscles  to  ions  were  studied 
chemically  before  the  application  of  the  electrolytic  method. 
Hamburger*  and  Limbeck*  observed  that  when  CO2  is  p^issed 
through  blood,  chlorine  passes  from  serum  into  corpuscles  and 
the  alkalescence  of  the  serum  is  increased.  On  the  other  hand, 
the  distribution  of  sodium  and  potassium  is  not  changed.* 

^  Roaf.  0-  •^'  Exper.  Physiol.^  III.,  75.  supposes  this  swelling  to  be  due  to  ioniza- 
tion and  hence  increased  osmotic  pressure  of  haemoglobin. 

*  Biochem.  ZeiL,  1908,  XIV.,  309,  and  loc.  ciL 

*  CompUs  Rendus,  Soc,  Biol.,  1910,  LXIX.,  566. 
«  Zeit,  /.  Biol.,  1891,  XXVIII.,  405. 

»  Arch.  exp.  Path.,  1895,  XXXV.,  309. 

*  Gtirber,  Sitzungsber.  physik.-tned.  Ges.  Wurzburg,  1895. 
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Koeppe*  and  Hober*  explain  this  process  in  the  following 
manner:  The  Hpoid-soluble  CO2  enters  the  corpuscle,  and  by 
reacting  with  alkali  albuminates  in  the  protoplasm,  gives  off 
more  anions  than  it  does  in  the  serum.  During  the  presence  of 
COj,  the  corpuscle  is  permeable  to  anions,  and  the  COa^  or 
HCOj""  ions  pass  back  into  the  serum,  being  exchanged  for  CI" 
ions  to  equalize  the  electrical  potential.  Sodium  bicarbonate 
being  more  alkalescent  than  sodium  chloride,  the  titratable 
alkalinity  of  the  serum  is  increased. 

This  explanation  is  supported  by  the  following  facts:  When 
CO2  is  passed  through  a  suspension  of  erythrocytes  in  cane  sugar 
solution  the  latter  does  not  become  alkaline.  If  COs  is  passed 
through  a  mass  of  centrif uged  erythocy tes,  which  are  then  added 
to  physiological  salt  solution,  the  latter  becomes  more  alkaline 
than  the  serum  in  Hamburger's  experiment.  Any  sodium  salt 
may  be  substituted  for  serum,  and  its  anions  will  pass  into  the 
corpuscles.'  Also  the  number  of  ionic  valences  passing  into  the 
corpuscle  is  constant,  t .  e,,  if  sulphate  is  used  only  half  as  many 
ions  enter  the  corpuscles  as  when  chloride  or  nitrate  is  used* 
The  process  is  reversed  by  removal  of  the  COi. 

This  same  phenomenon  has  been  observed  in  leucocytes  by 
van  der  Schroeff . 

There  seems  to  be  some  relation  between  haemolysis  and  ag- 
glutination of  the  corpuscles.  Arrhenius*  supposed  that  ag- 
glutination by  acids  is  due  to  the  coagulation  of  the  proteids  of 
the  envelope.  However,,  since  agglutination  is  followed  by 
precipitation,  it  seems  probable  that  the  loss  of  the  negative 
electric  charge  which  tends  to  keep  the  corpuscle  in  suspension 
and  causes  it  to  repel  every  other  corpuscle,  is  partly  responsible 
for  the  phenomena. 

The  fact  that  water-laking  is  preceded  by  agglutination  might 
be  explained  if  we  assume  that  increase  in  permeability  to  ions 
leads  to  loss  of  electric  charge.  The  charge  may  be  due  to  the 
charges  on  the  colloids  of  the  corpuscle  or  to  semi-permeability 
to  ions.     The  corpuscle  is  very  poorly  permeable  to  ions,  but  may 

»  PJlUger*s  Arch.,  1897,  LXVIL.  189. 

*  PflUger's  Arch.,  1904,  CII.,  196. 

*  Hamburger  and  van  Lier,  Engelmann's  Arch.,  1902,  492. 

*  Biochem.  ZeU.,  1907,  VI.,  358. 
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be  slighdy  more  permeable  to  some  one  ion  than  to  others.  If 
this  ion  were  more  concentrated  in  the  plasma  or  in  the  corpuscle, 
the  latter  would  become  electrically  charged,  and  a  general  in- 
crease in  ionic  permeability  would  lead  to  a  reduction  or  loss 
of  this  charge.  The  loss  of  charge  would  favor  their  coming 
in  contact  with  one  another  and  their  precipitation,  but  their 
cohesion  is  probably  due  to  some  other  change,  possibly  the  exit 
of  adhesive  substances,  on  increase  in  permeability. 

VI.  Absorption  and  Secretion. 
I.  Absorption  through  the  Gut. 

If  a  live  vertebrate  intestine  be  filled  with  one  portion  of  a 
physiological  NaCl  solution,  and  suspended  in  another  p)ortion 
of  the  same  solution,  fluid  will  pass  through  the  wall  of  the  gut 
from  within  outward.  Cohnheim^  found  that  holothurian  gut 
behaves  in  the  same  way  toward  sea  water,  and  the  absorption 
stops  if  the  gut  is  injured  with  chloroform  or  sodium  fluoride. 

It  might  be  supposed  that  the  hydrostatic  pressure  produced 
by  the  contraction  of  the  musculature,  is  the  driving  force  of 
absorption,  but  on  the  contrary,  Reid*  found  that  the  wall  of 
the  rabbit's  intestine  behaved  in  the  same  way  when  used  as  a 
diaphragm. 

Salt  is  absorbed  by  an  intestine  filled  with  a  very  hypotonic 
solution  of  it,  and  water  may  be  absorbed  when  the  solution  is 
very  hypertonic. 

Blood  salts  enter  the  intestine  when  it  is  injured  by  an  ex- 
tremely hypertonic  solution,  or  sodium  fluoride,  chinin  or  arsenic. 

Grape  sugar  and  sodium  iodide  may  pass  from  without  inwards 
through  the  wall  of  a  normal  holothurian  intestine. 

Traube*  claims  that  absorption  is  explained  by  his  observation 
that  the  surface  tension  of  the  contents  of  the  gut  is  less  than 
that  of  the  blood,  but  this  does  not  apply  to  the  experiments  in 
which  an  identical  solution  was  placed  on  each  surface  of  the 
wall  of  the  gut.     Traube^  found  that  the  addition  of  a  substance 

^  Zeit.  physiol.  Chem.,  1901,  XXXIII.,  9. 

*  Jour.  Physiol.,  1901,  XXVI.,  436. 

*  Pfliiger's  Arch.,  1904,  CV.,  559.  Cf.  Iscovesco,  Camples  Rendus,  Soc.  Biol,, 
1911,  LXXI.,  637. 

*  Biochem.  Zeil.,  1910,  XXIV.,  323. 
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lowering  the  surface  tension  increased  the  absorption  of  NaCl 
by  the  gut. 

Absorption  is  probably  due  to  irreciprocal  permeability  of  the 
wall  of  the  gut.  Haipburger  showed  that  dead  gut  and  even 
artificial  membranes  showed  irreciprocal  permeability  to  certain 
substances.  These  artificial  membranes  were  of  different  com- 
position on  their  opposite  surfaces  (parchment  paper-chrome 
albumin,  or  parchment  paper-collodion)  and  he  assumed  that 
the  wall  of  the  gut  is  composed  of  two  osmotically  different  layers. 
In  reality  there  may  be  more  than  two  such  layers,  and  the  plasma 
membranes  of  the  individual  cells  of  the  gut  may  show  irreciprocal 
permeability. 

Traube*  showed  that  the  rate  of  absorption  of  a  substance 
by  living  gut  is  usually  greater  the  more  it  lowers  the  surface 
tension  of  water.  The  order  of  ions  is :  CI  >  Br  >  I  >  NOa  >  S0«, 
HPO4  and  K,  Na>Ca,  Mg.  The  order  of  non-electrolytes, 
according  to  Katzenellenbogen*  is:  glycocoll  < urea < acetone, 
mann*  t  < ery thrite  <  glycerine  <  acetamid ,  methy lalcohol ,  propyl- 
alcohol,  amylalcohol. 

The  rate  of  absorption  through  dead  ox  gut  according  to  Hedin* 
is:Br>NOd>Cl>S04  and   K>Rb>Na>Li>Mg  and  mannit 

<  ery  thrite  <  glycerine  <  urethan  <  glycocoll  <  amylenhydrate 

<  glycol  <  urea  <  propylalcohol  <  isobutylalcohol  <  methyl- 
alcohol,  ethylalcohol. 

The  action  of  poisons  on  absorption  may  be  due  to  the  alter- 
ation of  the  plasma  membranes  of  the  individual  cells.  Mayer- 
hofer  and  Stein*  state  that  even  sugar  in  certain  concentrations 
increased  the  permeability  of  the  gut. 

2.  Osmotic  Relation  of  Aquatic  Animals  to  the  Medium. 

Fredericq  found  that  the  salt  content  of  the  body  fluids  of 
marine  invertebrates  is  about  the  same  as  that  of  sea  water. 
Henri  and  Lalou*  showed  that  the  osmotic  exchange  between 
coelom  fluid  of  sea  urchins  and  holothurians  and  medium  is  chiefly 

» PJlUger's  Arch.,  CXXXII. 

«  Pfluger's  Arch.,  CXIV..  522. 

»  PJlUger's  Arch.,  1899,  LXXVIIL,  205. 

*  Biochem.  Zeit.,  1910,  XXVII.,  376. 

•  Winterstein,  II.  (2),  2. 
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water.  If  the  sea  water  was  diluted  with  J4  vol.  of  isotonic 
cane  sugar  solution,  the  salt  content  of  the  ccelom  fluid  is  very 
little  lowered  in  4  hours,  and  only  traces  of  sugar  appear  in  it. 
The  result  is  the  same  with  isotonic  urea  (which  easily  pene- 
trates  most  plasma  membranes).  But  the  salt  content  of  the 
blood  of  elasmobranchs  and  teleosts  is  about  half  that  of  the  sea. 

Botazzi  and  his  colleagues  observed  that  the  osmotic  pressure 
of  the  blood  of  elasmobranchs  is  about  equal  to  that  of  the 
medium,  the  salts  in  the  blood  being  supplemented  by  organic 
substances,  chiefly  urea,  of  which  there  is  2-3  per  cent. 

If  elasmobranchs  are  placed  in  concentrated  sea  water,  the 
osmotic  pressure  of  the  blood  rises,  but  the  ratio  of  urea  to  salts 
remains  the  same.  G.  G.  Scott  found  that  changes  in  the  density 
and  osmotic  pressure  of  the  blood  of  elasmobranchs  accompany 
changes  in  the  salt  content  of  the  medium. 

However,  in  marine  teleosts  as  well  as  all  fresh-water  animals 
which  have  been  studied  in  this  respect,  both  salinity  and  osmotic 
pressure  of  the  body  fluids  are  very  different  from  that  of  the 
medium. 

The  osmotic  pressure  of  the  blood  of  marine  teleosts  is  about 
half  that  of  the  sea,  but  in  fresh-water  teleosts  it  is  still  less 
(but  much  greater  than  the  fresh  water).  This  indicates  that 
there  must  be  a  change  in  the  osmotic  pressure  of  the  blood  as 
the  fish  ascends  a  river.  Greene^  observed  that  it  took  salmon 
30-40  days  to  pass  the  brackish  water,  in  which  time  they  were 
acclimatized  to  fresh  water.  After  being  in  fresh  water  8-12 
weeks,  the  osmotic  pressure  of  the  blood  was  reduced  only  17.6 
per  cent.  This  reduction  may  be  partly  accounted  for  by  the 
absorption  of  the  osmotic  substances  in  the  blood  by  the  sexual 
glands.  In  harmony  with  this  view  is  the  fact  that  the  osmotic 
pressure  of  the  blood  of  the  female  was  reduced  much  more  than 
that  of  the  male.  One  salmon,  that  was  very  weak  and  probably 
dying,  showed  32  per  cent,  decrease  in  A  of  blood.  Sumner* 
observed  that  changes  in  weight  and  salt  content  of  marine  tele- 
osts accompany,  but  are  not  proportional  to  changes  in  the 
medium. 

1  U.  S.  B.  F.,  1904,  XXIV.,  445;  1909,  XXIX.,  129;  Jour.  Exp.  Zool.,  1910, 
IX. 

»  Bull.  U.  S.  B.  F.,  1905,  XXV.,  53,  and  Am.  Jour.  Physiol.,  1907,  XIX.,  61. 
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Overton  observed  that  if  the  cloaca  and  mouth  of  a  frog  in 
fresh  water  are  closed,  the  frog  constantly  Increases  in  weight. 
This  can  be  prevented  by  the  addition  of  .7  per  cent.  NaCl  to 
the  medium.  In  a  hypotonic  solution  water  is  constantly  ab- 
sorbed by  the  skin  and  excreted  by  the  kidneys.  Fischer's^ 
experiment,  in  which  ligature  of  the  leg  of  a  frog  caused  great 
swelling  below  the  ligature  is  probablj'  to  be  explained  by  the 
fact  that  water  was  absorbed  by  the  skin  but  could  not  reach  the 
kidneys,  since  the  blood  circulation  was  stopped.  In  regard  to 
Fischer's  explanation,  compare  the  results  of  Sidbury  and  Gies.* 
Sumner  concluded  that  in  the  fish,  the  gills  ^re  the  chief  seat  of 
osmotic  exchange. 

It  appears,  therefore,  that  osmosis  occurs  through  the  integu- 
ment (including  gills),  kidneys  and  gut  simultaneously,  and  since 
the  contents  of  the  gut  and  kidney  tubules  are  not  the  same  as  the 
medium,  we  should  not  expect  an  osmotic  equilibrium  between 
the  body  fluids  and  the  medium.  Furthermore,  all  three  of  these 
membranes  may  show  irreciprocal  p)ermeability. 

Fresh-water  fish  and  non-migratory  marine  fish  are  killed  by 
great  changes  in  the  medium,  even  though  it  be  very  gradual. 

Bert  maintained  that  if  fresh-water  fish  are  placed  in  sea  water, 
the  gill  capillaries  contract  and  become  blocked  by  the  distorted 
corpuscles.  In  naked-skinned  fishes,  not  only  the  gills  are 
affected,  but  water  may  be  lost  from  the  tissues. 

Bert  and  Sumner  both  agree  that  the  salts  in  sea  water  cannot 
be  replaced  by  any  other  substance,  without  causing  the  death 
of  certain  marine  fishes.  Mosso*  claimed  that  when  sharks  are 
placed  in  fresh  water,  the  gill  capillaries  become  so  blocked  with 
laked  corpuscles  that  physiological  salt  solution  could  not  be 
forced  through  them.  He  observed  that  the  differences  in  the 
resistance  pf  certain  fish  to  changes  in  the  salt  content  of  the 
medium,  corresponded  to  differences  in  the  resistance  of  their 
blood  cells  to  the  haemolytic  action  of  such  changes.  Sumner,* 
however,  states  that  this  blocking  of  gill  capillaries  does  not 
occur  xn%  sharks  or  marine  teleosts  in  fresh  water. 

» Fischer.  M.  H.,  "(Edema/'  J.  Wiley  &  Sons,  1910. 

*  Soc.  Exper,  Bio.  and  Medicine,  191 1,  VII.,  104. 
*Biol.  Centlb.,  1890,  X.,  570. 

*  Proc.  Seventh  Iniernat.  ZoSl.  Congress,  Boston,  1907. 
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Sumner  showed  that  as  the  fish  becomes  enfeebled  by  the  ab- 
normal medium,  it  becomes  more  permeable  to  salts.^  Whether 
the  direct  action  of  the  abnormal  medium,  or  the  blocking  of 
the  gill  capillaries,  produce  the  increase  in  permeability,  has  not 
been  experimentally  tested.  However,  the  gills  themselves  would 
not  be  asphyxiated  by  blocking  of  their  capillaries,  and  it  seems 
probable  that  the  change  in  permeability  is  due  to  the  direct 
action  of  the  medium. 

We  may  conclude  therefore  that  the  death  of  the  fish  results 
from  the  osmotic  exchange.  This  may  be  sufficient  to  cause  death 
while  the  fish  still  maintains  its  normal  semi-permeability,  or 
death  may  occur  only  after  increase  in  permeability,  due  to  the 
direct  action  of  the  medium  on  the  osmotic  membranes. 

A  similar  incfease  in  permeability  may  explain  Wo.  Ostwald's 
observations  on  fresh-water  Gammarus  in  pure  salt  solutions  J  He 
found  that  the  ratio  of  the  rapidity  of  death  to  the  concentration 
is  about  constant  up  to  a  certain  point,  above  which  it  is  much 
greater.  This  critical  concentration  has  nothing  to  do  with  the 
osmotic  pressure,  since  it  is  different  for  different  salts.  Perhaps 
.  at  this  concentration  the  salt  made  the  membranes  more  per- 
meable. 

Schiicking*  found  that  nicotine  and  strychnine  made  the  skin 
of  Aplysia  more  permeable  to  salts.  Since  cocain  retarded 
shrinkage  in  hyp)ertonic  solution,  he  supposed  that  the  hydro- 
static pressure  produced  by  the  muscles  aided  shrink^^e.  How- 
ever the  hydrostatic  pressure  is  probably  very  small,  and  the 
effect  might  have  been  due  chiefly  to  an  increase  in  permeability 
to  salts,  produced  by  the  cocain. 

3.  Secretion  of  Lymph  and  Tissue  Juice. 

Hober  supposes  the  raising  of  the  osmotic  pressure  by  the  kata- 
bolism  of  the  tissues,  causes  fluid  to  be  drawn  out  of  the  blood- 
vessels, and  states  that  the  lymph  in  the  thoracic  duct  has  a 
greater  osmotic  pressure  than  the  blood. 

Traube  states  that  the  surface  tension  of  transudates  and 

1  Cf.  Greene,  above. 

«  Pfluger's  Arch.,  1905,  CVI.,  568. 

•  Arch.  Anat.  Physiol.,  Physiol.  Abt.,  1902,  533. 
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exudates  is  always  greater  than  that  of  the  blood.  He  cites  a 
case  in  which  a  transudate  was  caused  to  be  absorbed  by  injecting 
into  it  a  substance  which  decreased  its  surface  tension. 

4.  Excretion. 

Milk  and  bile  have  about  the  same  osmotic  pressure  as  the 
blood,  but  urine  is  almost  dry  in  some  animals;  it  is  usually 
hypertonic  in  man  but  may  be  hypotonic. 

Traube  maintains  that  the  surface  tension  of  the  normal  urine 
is  always  greater  than  that  of  the  blood,  and  that  this  is  the 
driving  force  in  excretion. 

However,  H5ber  and  others  suppose  that  the  substances  to 
be  excreted  may  be  formed  into  solid  bodies  in  the  tubule  cells, 
and  thrown  out  into  the  lumen. 

If  lipoid-insoluble  dyes  are  fed  to  frogs,  granules  in  the  cells 
of  certain  segments  of  the  kidney  tubule  are  stained  with  them. 
The  dye  is  not  first  excreted  by  the  glomeruli  and  then  absorbed 
from  the  lumen  by  the  tubule  cells,  for  if  the  vena  Jacobsoni, 
which  supplies  the  tubules,  is  ligatured,  no  staining  occurs,  al- 
though the  renal  arteries  still  supply  the  glomeruli. 

The  stained  granules  in  the  tubule  cells  are  thrown  out  into 
the  lumen  and  pass  into  the  bladder.  These  granules  usually 
dissolve  to  form  a  slimy  substance  in  the  urine,  but  some  of  them 
may  remain  intact. 

The  circulation  in  mammalian  kidneys  cannot  be  controlled 
in  the  same  way,  but  after  intravenous  injection  of  a  certain 
lipoid-insoluble  dye,  no  stain  may  be  detected  in  the  walls  of 
the  glomeruli,  although  the  tubule  cells  are  stained.  The  stain 
in  the  lumen  does  not  appear  above  the  level  of  the  stained  tubule 
cells.  In  the  excretion  of  carmine,  it  may  be  found  in  granules 
in  the  tubule  cells  and  lumen,  similar  to  those  found  in  frog's 
kidneys. 

It  has  been  supposed  that  urea  is  excreted  by  collecting  in 
these  granules  and  passing  out  with  them,  but  it  would  be  even 
simpler  to  assume  that  some  substance  is  excreted  into  the  lumen, 
which  combines  with  urea  and  so  lowers  the  concentration  of  that 
in  solution,  thus  accelerating  its  excretion. 

The  chief  recommendation  for  the  granules  is  their  valve-like 
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action,  which  would  account  for  the  secretion  of  urine  against  a 
concentration  gradient,  but  a  simpler  mechanism  of  such  a  process 
is  shown  in  Hamburger's  double  membranes. 

The  blood  pressure  may  aid  in  the  secretion  of  the  water  of 
the  urine,  which  is  eliminated  chiefly  through  the  glomeruli, 
but  its  insignificance  in  the  elimination  of  urea  is  shown  by  the 
fact  that  after  increasing  the  volume  (and  therefore  pressure)  of 
rabbit's  blood  70  per  cent,  by  transfusion,  the  urea  elimination 
was  not  or  only  very  slightly  increased. 

VII.  Cell  Division. 

Various  hypotheses  as  to  the  cause  of  cell  division  have  been 
advanced  by  the  morphologists.  Hertwig,  supposed  that  when 
the  ratio  of  nucleus  to  cytoplasm  is  less  than  normal,  the  cell 
will  divide.*  Gerassimow*  subjected  cells  of  Spirogyra  to  low 
temperatures  and  other  abnormal  conditions  and  obtained  an 
increased  amount  of  chromatin  in  some  of  them.  These  cells 
did  not  divide  until  the  ratio  of  nucleus  to  cytoplasm  was  as 
great  as  at  the  time  of  division  of  a  normal  cell. 

I  found  that  chromatin  is  not  necessary  for  cell  division.' 
After  extracting  the  chromosomes  from  the  starfish  e^,  I  caused 
it  to  divide.  In  this  case  the  ratio  of  nucleus  to  cytoplasm  was 
zero;  however  the  cell  did  not  continue  to  divide  indefinitely. 

There  is  no  easy  method  of  determining  the  ratio  of  nucleus 
to  cytoplasm.  Some  cells  contain  large  vacuoles  whose  contents 
are  not  considered  as  cytoplasm.  Eggs  contain  fat  drops  and 
granules  compounded  of  protein  and  lipoids.  These  are  not 
considered  as  cytoplasm  by  all  investigators.  If  the  granules  and 
oil  are  included  as  cytoplasm,  the  ratio  of  nucleus  to  cytoplasm 
is  very  small,  and  yet  the  egg  cell  does  not  divide  unless  *' stimu- 
lated" by  the  sperm  or  some  other  means. 

R.  LilHe*  observed  that  chemical  substances,  which  in  low 
concentration  cause  the  Arbacia  egg  to  divide,  in  high  concen- 
tration cause  outward  diffusion  of  the  red  pigment  (echinochrome) 
and  compared  this  to  the  laking  of  erythrocytes. 

*He  is  not  confirmed  by  Conklin,  Jour,  Exper,  ZodL,  1912,  XII.,  i. 

*  Bull.  Soc.  Imp.  Nat.,  Moskau,  1904,  No.  i. 

*  McClendon,  Arch.  f.  Entwicklungsmech.^  1908,  XXVI.  662. 
<  Biol.  Bull.,  1909,  XVII.,  188. 
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This  is  made  more  striking  by  the  fact,  mentioned  first  by 
Loeb,  that  haemolytic  agents  are  effective  in  artificial  partheno- 
genesis. R.  Ljllie  observed  that  pure  solutions  of  sodium  salts 
caused  the  egg  to  divide,  the  order  of  effectiveness  of  anions  being 
Cl<Br<C10»<NQ8<CNS<I.  He  also  found  that  these  salts 
could  be  inhibited  by  others  (CaCU,  MgCU),  as  is  characteristic 
of  the  antagonistic  effects  of  salts  in  physiological  phenomena, 
and  the  precipitation  of  colloids. 

I  found  that  the  sea  urchin's  egg  contains  fatty  substances,  and 
relatively  large  amounts  of  lecithin  probably  in  combination  with 
proteids.  I  found  that  Toxopneustes  eggs  freed  from  the  jelly- 
like coverings,  contained  about  lo  per  cent,  lecithin  (alcohol 
extract  ppt.  with  acetone)  and  about  2  per  cent,  of  an  extract 
soluble  in  alcohol  or  acetone  and  containing  rosettes  of  fat-like 
crystals.  This  extract  blackened  strongly  with  osmic  tetroxide 
and  effervesced  on  adding  dry  Na-carbonate  in  water,  then 
emulsified,  probably  it  contained  unsaturated  fatty  acid. 

According  to  a  private  communication  by  Mathews,  the  egg 
of  the  starfish  contains  lecithin  and  an  unsaturated  fatty  acid, 
but  no  cholesterin.  In  this  last  characteristic  it  differs  markedly 
from  the  erythrocyte.  There  is  no  way  of  determining  whether 
these  substances  enter  into  the  composition  of  the  plasma 
membrane,  but  the  facts  are  presented  in  order  to  indicate  the 
possibilities. 

We  have  seen  that  the  exit  of  haemoglobin  is  probably  not  due 
to  increased  permeability  to  this  substance.  It  is  possible  that 
the  same  is  true  of  echinochrome.  I  found  that  the  echinochrome 
in  the  egg  shows  a  continuous  spectrum,  whereas  that  extracted 
in  various  ways  shows  characteristic  bands.  It  may  possibly 
be  held  by  'chemical  combination  in  the  egg. 

However  I  found  other  evidence  for  increase  in  permeability  of 
the  sea  urchin's  egg  coincident  with  beginning  development:^ 

1 .  Fertilized  eggs  are  caused  to  shrink  more  quickly  than  un- 
fertilized eggs,  with  isotonic  sugar  solution.  Presumably  the 
fertilized  eggs  are  more  permeable  to  the  substances  exerting 
the  internal  osmotic  pressure. 

2.  The  electric  conductivity  of  the  egg  increases  about  3^  when 

1  McClendon,  Amer.  Jour.  Physiol.»  1910,  XXVII.,  240. 
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it  is  fertilized  or  made  parthenogenetic  with  acetic  acid,  indicating 
increased  permeability  to  ions. 

Lyon  and  ShackelP  and  Harvey*  observed  that  methylene 
blue  and  neutral  red  enter  fertilized  eggs  more  quickly  than 
unfertilized  eggs.  Harvey  supposed  that  only  the  free  color 
base  (undissociated)  entered,  since  the  addition  of  a  little  acid 
to  the  sea  water  prevented  the  staining  of  the  eggs. 

Mathews*  considered  the  penetration  of  stains  into  the  egg 
as  a  chemical  process  (the  stain  forming  a  salt  combination  with 
the  lecithin  or  proteins  of  the  egg  surface). 

Harvey  observed,  further,  that  NaOH  p)enetrates  fertilized 
more  easily  than  unfertilized  eggs,  but  the  eggs  are  killed  by  the 
alkali. 

The  fact  that  the  unfertilized  frog's  egg  continues  to  swell  for 
a  long  time  in  water  (Biataszewitz)  whereas  the  osmotic  pressure 
of  the  fertilized  frog's  egg  is  quickly  reduced  to  equal  that  of  the 
medium  (Backmann  and  Runnstrom)  indicates  increase  in  perme- 
ability to  osmotic  substances  on  fertilization.  In  this  connection 
it  is  interesting  to  note  that  Bataillon,*  Brachet,  and  myself* 
caused  the  unfertilized  frog's  egg  to  rotate  normally  and  segment 
merely  by  pricking  it. 

It  has  been  supposed  by  various  observers  that  the  "forma- 
tion" of  the  fertilization  membrane  in  very  closely  related  to  the 
segmentation  of  the  egg.  Loeb  observed  that  the  sea  urchin's 
egg  may  develop  without  the  formation  of  a  fertilization  mem- 
brane, and  I  have  confirmed  this  observation,  and  shown  that 
it  is  very  probably  wrong  to  suppose  that  this  is  a  case  of  failure 
in  "pushing  out"  of  the  membrane.  Apparently  "membrane 
formation"  is  not  essential  for  the  segmentation  of  the  eg;g^ 
although  by  furnishing  protection  it  may  insure  the  development 
of  the  embryo. 

Loeb  postulated  that  an  osmotically  active  colloid  exists  in 
the  unfertilized  egg,  but  is  so  covered  with  lipoids  that  it  does 
not  absorb  water  until  it  is  squeezed  out  or  otherwise  exposed 

1  Science,  1910.  XXXII.,  250. 

» Ibid.,  p.  565. 

*  Jour.  Pharmacol,  and  Exp.  Ther.,  1910,  II.,  201. 

*Arch.  Zool.  Exptr.,  1910  (s),  VI.,  loi. 

*McClendon,  Amer.  Jour.  Physiol.,  1912,  XXIX..  298. 
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at  the  surface  of  the  egg,  at  the  beginning  of  development  (when 
it  fills  the  so-called  " perivitelline  space").  I  observed  that  this 
substance  bears  a  positive  charge  (is  basic)  since  it  migrates 
toward  the  kathode  when  an  electric  current  is  passed  through 
sea  water  containing  the  fertilized  egg. 

The  unfertilized  egg  is  imbedded  in  a  mass  of  jelly  which  is 
probably  mucin.  This  jelly  bears  a  negative  charge  (is  acid) 
since  it  combines  with  color  bases. 

When  the  positively  charged  colloid  is  exposed  at  the  surface 
(on  increase  in  permeability)  and  comes  in  contact  with  the 
negatively  charged  jelly,  the  two  mutually  precipitate  at  their 
surface  of  contact,  thus  forming  the  fertilization  membrane. 
But  if  all  of  the  jelly  is  washed  off  of  the  egg  before  the  latter  is 
caused  to  develop,  no  fertilization  membrane  is  'formed  (as  I 
have  observed)  because  no  two  oppositely  charged  colloids  are 
brought  in  contact,  but  the  basic  colloid  may  with  difficulty  be 
seen  as  a  refractive  layer,  which  has  been  mistaken  for  a  poorly 
developed  ''fertilization  membrane." 

The  observation  of  Lyon^  makes  it  appear  that  catalase  comes 
out  of  fertilized  more  quickly  than  unfertilized  eggs,  probably  due 
to  increased  permeability. 

Lyon  observed  that  CO2  came  out  of  fertilized  more  quickly 
than  unfertilized  eggs,  and  O.  Warburg,  Loeb  and  myself* 
observed  that  oxygen  is  absorbed  more  rapidly  by  the  former. 
We  might  ask:  Does  increased  permeability  allow  increased 
oxidation,  or  is  increased  oxidation  the  primary  cause  of  the 
increased  respiration? 

The  permeability  change  is  the  simplest  explanation,  and  in 
what  other  way  could  oxidation  be  increased?  Loeb  supposed 
the  sperm  carried  an  oxidase  into  the  egg}  But  no  addition  of 
oxidase  is  concerned  in  artificial  parthenogenesis,  and  Loeb 
assumed  that  the  oxidase  (or  other  enzyme,  kinase?)  is  held  in 
the  egg  periphery  and  cannot  penetrate  the  egg  interior  until 
the  permeability  is  increased. 

In  addition  to  oxygen,  oxidase,  and  escape  of  CO2,  hydroxyl 

*  Am.  Jour.  Physiol.,  1909,  IV.,  199. 

*  McClendon  and  Mitchell,  Jour.  Biol.  Chem.,  191 2,  X.,  459. 

*  In  this  connection  it  is  interesting  to  note  that  Masing,  Zeit.  physiol.  Chem., 
1910,  LXVI.,  265,  failed  to  find  more  iron  in  sperm  than  in  sea  water. 
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ions  are  necessary  for  the  rapid  oxidation  of  the  sea  urchin  egg 
(Loeb),  and  Harvey  showed  that  the  unfertilized  egg  is  practi- 
cally impermeable  to  OH  ions  of  low  concentration.  The 
increased  permeability  allows  hydroxyl  ions  in  the  sea  water  tx> 
penetrate  the  egg,  as  shown  by  Harvey,  and,  since  the  sea  is 
always  alkaline,  this  may  explain  the  increased  oxidation. 

Asters  always  develop  in  the  egg  before  segmentation.  In  the 
normal  egg  these  have  some  relation  to  the  division  of  the  nucleus, 
but  even  if  a  nucleus  is  not  present,  I  have  observed  that  the 
cytoplasm  constricts  along  a  line  on  the  surface  farthest  removed 
from  the  centers  of  the  asters. 

The  constriction  of  the  cytoplasm  is  probably  due  to  a  band  of 
increased  surface  tension  (or  to  decreased  surface  tension  at 
the  poles).  This  might  be  caused  by  local  increase  in  perme- 
ability to  ions,  causing  decreased  polarization,  at  the  equator 
(or  increased  poWization  at  the  poles,  due  to  increased  pro- 
duction of  the  polarizing  electrolyte  in  the  asters). 

The  same  reasons  that  were  given  for  assuming  that  the  surface 
of  the  Amcsba  is  electrically  polarized,  hold  good  for  the  egg. 
The  first  change  is  probably  a  general  increase  in  surface  tension, 
indicated  by  rounding  up  of  the  egg.  Later  this  may  become 
localized  from  internal  causes  and  result  in  cleavage. 

Hyde^  observed  local  changes  in  electric  polarization  of 
Fundulus  eggs  during  cleavage,  indicating  that  surface  tension 
changes  and  cleavage  are  due  to  this  cause. 

It  has  been  objected  that  the  segmentation  of  the  egg  is  not  a 
typical  case  of  cell  division,  since  the  egg  cell  is  "wound  up" 
and  ready  for  some  ''stimulus"  to  set  it  going,  whereas  tissue 
cells  must  ''grow"  or  "rest"  after  each  division  before  dividing 
again. 

It  may  be  true  that  growth  is  prerequisite  to  division,  but 
this  cannot  be  formulated  quantitatively.  In  the  spore-forma- 
tion of  certain  organisms,  a  cell  may  divide  in  a  relatively  short 
time  into  myriads  of  almost  ultra-microscopic  cells. 

Hertwig  may  be  right,  in  general,  in  assuming  that  the  relative 
growth  of  nucleus  and  cytoplasm  influences  division,  but  the 
difficulties  in  proving  this  have  been  indicated,  and  this  cannot 

^  Am.  Jour.  Physiol.,  XII.,  241. 
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be  expressed  in  chemical  terms.  It  is  generally  5Up[X>sed  that 
nucleic  add  is  a  more  abundant  constituent  of  the  nucleus  than 
of  the  cytoplasm,  but  much  evidence  has  appeared  for  believing 
that  it  is  often  present  in  considerable  quantities  in  the  cytoplasm. 
Loeb  supposed  that  the  segmentation  of  the  sea  urchin  egg  is 
accompanied  by  an  "autocatalytic"  synthesis  of  nucleic  acid, 
since  the  nuclei  increased  in  number.  But  Masing'  and  more 
recently  Shackell'  by  chemical  analysis  found  as  much  nucleic 
acid  in  the  unsegmented  egg  or  i-cell  stage  as  in  the  blastula 
stage. 

There  is  some  indirect  evidence  that  increase  in  permeability 
may  cause  an  increased  divi»on  rate  of  tissue  cells.  Though 
cell  growth  may  influence  division,  it  is  probable  that  perme- 
ability influences  growth. 

Various  "stimuli"  cause  increased  proliferation  of  cells  of  the 
germinal  layer  of  the  skin.  It  is  commonly  known  that  mechani- 
cal stimuli  increase  growth  of  the  skin. 

Bernhard  Fisher  observed  that  Sudan  III,  or  Scharlack  R' 
cause  increased  proliferation  of  the  epidermis.  When  the  dye 
is  injected  under  the  skin  of  a  rabbit  the  skin  grows  toward  the 
dye. 

Furst*  found  that  gradual  increase  of  temperature  caused  a 
corresponding  increase  in  proliferation  of  tissue  cells  (due  to 
increased  chemical  reaction  and  inflammation  of  the  tissue). 
But  when  a  certain  temperature  was  reached  a  sudden  jump  in 
the  increase  in  proliferation  was  observed  without  a  corresponding 
increase  in  inflammation.  This  is  similar  to  the  phenomenon 
seen  in  unfertilized  eggs,  where  a  rise  in  temperature  beyond  a 
certain  point  causes  segmentation. 

It  has  also  been  observed  that  electrical  stimulation  may 
cause  increased  proliferation  of  tissue  cells. 

All  of  these  changes  (electrical,  thermal,  or  mechanical  stimu- 
lation, or  treatment  with  lipoid  soluble  substances)  cause  in- 

■  Zeit.  phyiiol.  Chem.,  1910.  LXXVIt.,  161. 

'ScUnce,  igii,  n.  s„  XXXIV.,  S73- 

■Which  aie  practically  insoluble  in  water  but  soluble  in  fats  and  lipoids  and,  aa 
I  have  obwrved,  slightly  In  lipoid-protein  combinationa. 

*S«e  V.  Dungern  u.  Werner.  "Das  Wesen  BSsartigen  GeschwUlste."  Leipzig, 
1907.  p.  6S- 
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creased  permeability  and  segmentation  of  the  sea  urchin's  egg. 
Therefore,  from  analogy,  we  may  conclude  that  increase  in 
permeability  may  cause  tissue  cells  to  divide. 

The  ''wound  stimulus''  to  regeneration  of  tissue  may  also 
cause  increased  permeability  of  the  cells. 

In  a  preceding  chapter  it  was  shown  that  the  "current  of 
injury"  produced  by  the  negative  electric  potential  of  a  wounded 
surface  is  common  to  animal  and  plant  tissues.  The  wounded 
cell  acts  as  an  electric  generator  and  a  current  flows  through 
neighboring  cells. 

I  observed  that  if  a  current  is  passed  through  living  tissue, 
which  is  subsequently  fixed  and  stained,  basophile  substances 
will  be  found  displaced  toward  the  anode.  In  sections  of  tissue 
adjacent  to  a  wound  the  extent  of  the  current  is  indicated  by  the 
displacement  of  basophile  granules.  The  current  affects  first 
the  cells  in  contact  with  the  wounded  cells,  then  extends  in  some 
directions  more  than  others.  Electric  currents  ("currents  of 
growth")  continue  for  many  days  after  the  wound  has  healed. 

Since  electric  currents  cause  sea-urchin  eggs  and  tissue  cells 
to  divide  and  proliferate,  probably  these  bio-electric  currents 
constitute  the  so-called  "formative  stimulus"  of  regeneration. 

Embryonic  cells,  cells  of  germinal  regions,  and  cancer  cells 
are  distinguished  by  their  great  power  of  proliferation,  or  rapid 
division.  It  is  probable  that  the  plasma  membranes  of  these 
cells  are  more  permeable  than  those  of  other  tissue  cells  in  the 
same  medium  or  under  the  same  conditions. 

Cancers  have  been  produced  by  the  action  of  X-rays  (electric 
pulsations)  on  the  skin.  The  cells  in  the  skin  were  so  changed 
that  they  proliferated  more  rapidly.  Similarly,  electric  changes 
have  been  observed  to  start  the  egg  cell  to  rapid  proliferation. 
There  is  probably  some  irreversible  change  in  the  permeability 
of  these  cells,  which  does  not,  however,  make  the  plasma  mem- 
brane incapable  of  subsequent  reversible  changes  in  perme- 
ability (i.  e.j  the  change  is  unlike  what  occurs  at  death  of  the  cell). 

The  suggestion  that  cancer  cells  are  more  permeable  than 
tissue  cells  in  general  may  possibly  be  of  therapeutic  importance. 
Loeb  has  shown  that  fertilized  eggs  are  more  sensitive  than  un- 
fertilized eggs  to  various  toxic  substances   (probably  because 


TENSION   PHENOMENA  OF  LIVING  ELEMENTS.  i6l 

these  substances  enter  the  fertilized  eggs  more  easily).  The 
same  explanation  may  possibly  be  applied  to  the  effect  of  sugar 
on  certain  living  cells.  The  unfertilized  eggs  of  the  frog,  petro* 
myzofiy  sea  urchin  and  annelid  have  been  caused  to  segment, 
by  placing  them  in  sugar  solutions.  Mayerhofer  and  Stein'  ob- 
served that  sugar  in  certain  concentrations  increased  the  p)er- 
meability  of  the  gut  to  certain  salts,  and  in  this  condition  the 
gut  was  more  easily  injured  by  the  diffusion  of  substances. 

Similarly  Stockard  observed  that  sugar  increased  the  toxicity 
of  pure  solutions  of  salts  on  the  Fundtdus  egg.  Morgan  and 
Stockard*  showed  that  this  was  not  due  to  the  inversion  of  sugar 
or  to  the  osmotic  pressure,  and  supposed  that  the  sugar  might 
combine  chemically  with  the  salt.  It  seems  probable  that  the 
sugar  increased  the  permeability  to  salt.  The  fact  that  sugar 
in  fresh  water  is  toxic  whereas  the  same  amount  of  sugar  in 
the  normal  medium  (sea  water)  is  not  toxic  or  less  toxic,  indicates 
that  the  salts  within  the  Fundulus  egg  are  the  same  as  those 
outside  (in  sea  water),  and  increase  in  p)ermeability  to  them 
does  not  lead  to  diffusion  while  they  remain  in  sea  water,  but 
diffusion  takes  place  in  fresh  water.* 

If  it  be  shown  that  cancer  cells  are  more  permeable,  substances 
may  be  found  which  kill  cancer  cells  more  easily  than  tissue 
cells  as  explained  below. 

Whereas  a  certain  increase  in  permeability  of  the  cell  seems 
to  cause  division,  a  very  great  increase  in  permeability  causes 
death  (haemolysis,  cytolysis,  bacteriolysis).  It  has  been  shown 
that  certain  lysins  are  specific  for  certain  cells,  probably  because 
the  plasma  membranes  of  these  cells  differ  chemically. 

The  fertilized  egg  is  more  easily  cy tolyzed  than  the  unfertilized 
^SK  by  certain  substances.  It  therefore  appears  that  the  more 
permeable  the  cell  is  in  the  beginning,  the  more  easily  is  the 
permeability  brought  to  the  point  which  causes  cytolysis. 

Hence  it  is  probable  that  certain  substances  may  be  found  by 
which  cancer  cells  can  be  more  easily  cytolyzed  than  normal  tissue 
cells. 

»  Biochem.  Zeit.,  1910,  XXVII.,  376. 
.«  Biol.  Bull.,  1907,  XIII.,  272. 

*  In  the  absence  of  sugar  I  have  shown  that  no  diffusion  takes  place  in  fresh 
water.     Amer,  Jour.  Physiol.,  191 2,  XXIX.,  295. 
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It  has  been  shown  that  narcosis  is  accompanied  by  decreased 
permeability.  On  the  other  hand,  certain  forms  of  inhibition 
of  muscle  are  accompanied  by  an  increase  in  permeability. 
May  certain  cells  be  inhibited  in  proliferation  by  an  increase 
in  permeability,  too  great  for  cell  division  but  not  great  enough 
for  cytolysis?  The  great  oxidation  rate  in  eggs  inhibited  in 
cleavage  by  very  hypertonic  solutions  as  determined  by  Warbui^, 
seem  to  indicate  this. 

It  has  been  shown  that  certain  tissue  cells  inhibit  the  pro- 
liferation of  others.  In  the  healing  of  wounds,  the  epidermis 
inhibits  the  growth  of  connective  tissue.  If  a  wound  remains 
uncovered  by  epidermis  for  a  relatively  long  time,  processes  of 
connective  tissue  may  grow  outward,  but  this  is  prevented  by 
the  growth  or  transplantation  of  epidermis  over  the  wound. 

Perhaps  the  proliferation  of  the  connective  tissue  is  due  to 
abnormal  "stimuli"  (bioelectric  currents,  diffusion  of  sub- 
stances) such  as  Cause  proliferation  in  regenerating  tissue  gen- 
erally. The  presence  of  epidermis  over  the  wound  might  protect 
the  connective  tissue  from  these  "stimuli." 

The  foregoing  facts  and  the  speculations  based  on  them  may 
not  be  of  far-reaching  importance  in  themselves,  but  they  suggest 
lines  of  research,  which  if  followed,  it  is  hoped,  will  add  a  great 
deal  to  cell  physiology  and  pathology  and  be  an  aid  to  the  under- 
standing of  many  problems  in  therapeutics. 
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Das 

ArchiT  fiir  Entwicklungsmechanik  der  Organismen 

steht  offen  jeder  Art  von  ezakten  ForschnDgen  Uber  die  ^Ursachen"  der 
EntstehuDg,  Erhaltang  und  RUckbildong  der  organiscben  Gestaltungen*). 

Bis  auf  weiteres  werden  auch  kritische  Referate  und  zasammen- 
fassende  Ubersichten  Uber  andem  Orts  erschienene  Arbeiten  gleicben 
Zieles,  sowie  TitelUbersichten  der  bezUglicken  Literatnr  anfgenomtnen. 

Das  Archiv  erscheint  zur  ErmOglichung  rascher  Verbffcnt- 
lichnng  in  zwanglosen  Heften  sowohl  in  bezng  anf  den  Umfang,  wie 
auch  auf  die  Zeit  des  Erscheinens;  mit  etwa  40  Druckbogen  wird  ein 
Band  abgeschlossen. 

Die  Herren  Mitarbeiter  erhalten  unentgeltlieh  60  Sonderdrucke 
ihrer  Arbeiten ;  eine  gr(5Bere  Anzahl  Sonderdrucke  wird  bei  Voraus- 
bestellung  gegen  Erstattung  der  Herstellungskosten  geliefert  unter 
der  Yoraussetzung,  daB  die  Exemplare  nicbt  fUr  den  Handel  be- 
stimmt  sind.  Referate,  Besprechungen  und  Autoreferate  werden 
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Eingegangen  am  21.  April  1913. 

Quincke  long  ago  interpreted  certain  movements  of  drops  of 
fluid  as  due  to  surface  tension  changes  and  suggested  that  this 
might  also  apply  to  living  cells.  Butschli  extended  this  application 
to  cell  division.  However,  since  Biologists  are  not  all  of  the  same 
opinion  on  this  subject,  I  have  ventured  to  review  it  from  the  stand- 
point of  dynamics,  based  on  the  molecular  hypothesis.  Some  of  the 
principles  for  which  dynamical  proofs  are  given  in  this  paper  were 
first  established  by  thermodynamical  proofs.  However,  it  seems 
simpler  to  omit  thermodynamics  wherever  unnecessary.  This  paper 
claims  no  originality,  but  references  to  original  sources  are  omitted 
for  the  sake  of  brevity,  the  author  taking  in  such  cases  the  whole 
responsibility  for  the  correctness  of  the  deductions.  Since  T.  B.  Robert- 
son has  opposite  views  from  those  of  Quincke  and  Butschli,  it 
seems  desirable  to  consider  especially  Robertson's  latest  paper  ^)  and 
all  page  numbers  refer  to  his  article. 

Within  a  liquid,  the  molecules  are  attracted  by  one  another,  but 
the  force  of  this  attraction  decreases  rapidly  with  the  distance.  Ac- 
cording to  Quincke^  molecular  attraction  is  not  appreciable  at  a 
distance  greater  than  .05  |u.    If  a  sphere  be  described  about  a  mole- 
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cnle,  with  a  radius  equal  to  the  range  of  molecular  attraction,  we 
may  call  it  the  sphere  of  molecular  attraction. 

In  Fig.  1  the  upper  surface  of  a  liquid  is  represented  by  the 
horizontal  line  and  3  molecules,  M^^  M^j  Jfs,  by  dots  around  each 
of  which  is  a  circle  representing  the  sphere  of  molecular  attraction. 
Since  the  attraction  of  molecules  outside  this  circle  is  imperceptible, 
we  may  consider  each  molecule  as  attracted  only  by  all  other  mole- 
cules in  its  circle.  The  molecular  attractions  on  M^  are  equal  on 
all  sides  and  consequently  neutralize  one  another.  The  upper  part  of 
the  circle  around  M2  ist  out  of  the  liquid  and  an  equal  and  oppo- 
site part  of  the  circle  (the  stippled  area)  contains  molecules  whose 
downward  attraction  on  M2  is  not  compensated  by  an  upward  at- 

Fig.l. 


traction.  The  molecule  M^  is  attracted  downward  only.  This  down- 
ward attraction  on  all  molecules  in  a  surface  film  equal  in  thickness 
to  the  range  of  molecular  attraction  pulls  them  closer  together.  The 
closer  they  are  pulled  together  the  greater  their  attraction  for  one  an- 
other. Hence,  the  surface  film  of  molecules  under  tension  acts  like 
a  stretched  skin  or  membrane. 

The  magnitude  of  this  surface  tension  depends  on  the  magnitude 
of  molecular  attraction,  which  in  turn  depends  on  the  chemical  com- 
position of  the  liquid,  and  also  upon  the  temperature  and  pressure, 
since  these  affect  the  distance  between  the  molecules.  Surface  ten- 
sion also  depends  on  the  form  of  the  liquid  surface,  as  may  be  de- 
duced from  the  following: 

In  Fig.  2  let  M^^  M^^  M^  represent  three  molecules  each  of  which 
is  the  same  distance  beneath  a  liquid  surface,  represented  by  the 
heavy  line  above,  which  is  plane  over  ifj,  convex  over  M^  and  con- 
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cave  over  M^.  Around  each  molecule  the  sphere  of  molecular  at- 
traction is  represented  by  a  circle.  Very  much  of  the  volume  of  the 
sphere  of  M^  projects  above  the  surface,  whereas  less  of  the  volume 
of  M^  and  least  of  the  volume  of  M^  project.  With  the.  same  reason- 
ing as  applied  to  Fig.  1  we  may  conclude  that  the  doT^ima?d- Attrac- 
tion is  greatest  on  ifj,  less  on  M^  and  least  on  M^.  Hence -suffasee 
tension  is  greatest  on  a  convex  surface,  less  on  a' plsln'e -surface  and 
least  on  a  concave  surface.  It  should  be  remembered  that  every 
curved  surface  cannot  be  classed  as  convex  or  concave.  The  curved 
surface  of  a  sphere  or  cylinder  is  convex  when  viewed  from  without 
and  concave  when  viewed  from  within.  However,  the  constricted 
portion  of  an  hour  glass  when  viewed  from  without  appears  concave 
along  a  meridian  and  convex  along  the  equator.  When  the  meridi- 
anal  concaveness  is  as  great  as  the  equatorial  convexness  of  the  sur- 

Fig.  2. 


face  film  of  such  a  (fluid)  body,  no  inward  or  outward  force  is  exerted, 
as  the  result  of  surface  tension.  We  have  then  what  might  be  called 
a  >  surface  of  no  curviture*. 

If  the  liquid  under  consideration  is  in  absolute  vacuum  the  fore- 
going scheme  is  complete,  but  if  molecules  of  any  kind  lie  above  the 
surface  of  the  liquid  they  must  be  taken  under  consideration.  If  the  li- 
quid is  covered  by  a  second  liquid,  which  for  purposes  of  distinction  we 
will  call  the  medium,  and  the  attraction  of  the  molecules  of  the  medium 
for  those  of  the  liquid  is  less  than  the  attraction  of  the  molecules  of  the 
liquid  for  one  another,  the  downward  tension  on  the  molecules  M^  and 
M^  in  Fig.  1  and  Jfi,  M^  and  M^  in  Fig.  2  will  be  decreased  by  the 
upward  pull  of  the  molecules  of  the  medium  filling  the  part  of  the 
sphere  of  molecular  attraction  which  lies  above  the  surface  of  the 
liquid.     Hence  the  surface  tension  in  all  cases  will  be  decreased. 

For  purposes  of  description  one  of  the  two  liquids  in  contact 
has  been  called  the  medium,  but  it  should  be  remembered  that  both 
liquids  display  surface  tension,  and  what  is  usually  called  the  sur- 
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face  teosioQ  of  a  drop  of  one  fluid  anbmerged  in  another,  U  K1I7 
the  8IUU  of  the  teneioDs  of  both  flaids  at  their  sar&ee  of  conttd 
Therefore  in  considering  the  effect  of  cnrratnre  of  a  snrface  on  iti 
tension  we  mnBt  know  which  of  the  two  liquids  has  the  highest 
.  tenBioB  at  iheir  sorface  of  contact,  a  fact  which  is  ignored  by  Bobebt- 
soM  (paffe  699).  Where  there  is  not  an  appreciable  difference  be- 
tween thoae  two  tensions,  the  effect  of  cnrratnre  is  negligible,  nnce 
it  would  cause  reciprocal  changes  in  the  two  tensions.  Therefore  tat 
best  method  of  determining  the  effect  of  curratnre  in  any  given  caw 
is  direct  experiment,  and  this  giyes  a  method  for  deteiminiEg  which 
of  the  two  liqaids  has  the  greatest  snrface  tension. 

If  there  is  dissolved  in  the  liquid  a  sabstance  whose  molecules 
are  attracted  by  the  medium  more  strongly  than  the  molecules  of 
the  solvent  are  attracted,  the  molecules  of  the  solute  that  lie  in  the 
surface  film  will  increase  the  upward  pull  of  the  medium  and  hence 
decrease  the  surface  tension  of  the  liquid  (and  of  the  medium).  Alw 
the  solnte  will  become  more  concentrated  in  the  surface  film  than  in 
the  interior  of  the  liquid.  If  the  medium  attracts  the  molecules  of 
the  solute  less  than  the  molecules  of  the  solvent,  these  latter  inll 
tend  to  displace  the  molecules  of  the  solute  from  the  surface  film. 
But  those  molecules  of  the  solute,  which  by  their  kinetic  energy  fone 
their  way  into  the  surface  film,  will  raise  the  surface  tension.  There- 
fore, the  raising  of  surface  tension  by  dissolved  snbstances  requires 
the  introdncdoQ  into  the  surface  film  of  (kinetic)  energy  ^m  with- 
out. This  is  a  fact  which  is  entirely  neglected  by  Robbbtsoh  on 
page  696  in  which  he  says  in  criticism  of  my  work  >withoQt  the 
introduction  of  energy  from  without,  a  phenomenon  which  is  themo- 
dyoamically  impossible'. 

In  so  far  as  molecular  attraction  determines  solubility  (and  we 
will  assume  that  it  is  one  factor  in  solubili^)  we  may  conclude  thit, 
if  the  molecules  of  the  liquid  are  attracted  by  those  of  the  medium 
as  strongly  as  or  more  strongly  than  by  one  another,  the  liquid  will 
mix  with  the  medium  and  there  will  be  no  surface  for  consideratiDD. 
Also  if  the  molecules  of  a  solute  are  attracted  more  strongly  by 
those  of  the  medium  than  by  those  of  the  solvent,  the  solnte  will 
diffuse  into  the  medium.  (Onr  proof  of  this  is  based  on  the  assump- 
tion that  molecular  attraction  is  a  factor  in  solubility.  It  is  impoi^ 
tant  to  note  that  Willaed  Giubs  has  furnished  thermodynamical 
proofs  of  essentially  the  same  conceptions  and  they  have  also  been 
«<]li«.tantiated  by  considerable  experimental  evidence.) 
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A  gaseous  medium  behaves  in  the  same  way  as  a  liquid  medium 
save  for  the  fact  that  its  molecules  are  so  widely  dispersed  that  its 
effect  upon  a  liquid  surface  film  is  less  marked.  Hence  the  surface 
of  a  dense  and  poorly  volatile  liquid  in  contact  with  air  always  has 
a  high  tension. 

In  case  of  a  solid  > medium*  the  surface  film  loses  its  similarity 
to  a  stretched  skin  by  being  attached  to  the  solid.  Also,  there  is 
perhaps  another  peculiarity.  Often  liquids  do  not  dissolve  or  are 
not  absorbed  by  solids,  even  though  the  molecules  of  the  liquid  are 
attracted  by  those  of  the  solid  more  strongly  than  by  each  other 
(adhesion).  In  the  latter  case,  the  molecules  in  the  surface  film  of 
the  liquid  would  be  attracted  more  strongly  toward  the  solid  than 
toward  the  remainder  of  the  liquid  and  hence  be  brought  closer  to- 
gether and  form  a  surface  tension  film.  Also,  if  molecules  of  a  solute 
are  attracted  by  this  solid 

more  strongly  than  by  the  Fig.  3. 

molecules  of  the  liquid,  they 
would  become  more  concen- 
trated in  the  surface  film 
(adsorbed)  and  yet  increase 
the  surface  tension. 

In  any  continuous  sur- 
face of  uniform  curvature, 
if  the  surface  tension  is  not 

uniform,  surface  movements  will  result  If  the  tension  is  increased 
over  any  area,  that  area  will  » contract*;  consequently,  if  the  tension 
is  decreased  over  any  area  the  pull  of  the  remaining  surface  will 
cause  the  area  of  less  tension  to  spread  or  » expand*. 

This  self  evident  fact  may  be  analysed  as  follows:  let  the  heavy 
horizontal  line  in  Fig.  3  represent  the  upper  surface  of  a  liquid,  and 
Mf  and  M^  two  molecules  at  equal  distances  below  the  surface,  and 
the  circles  about  them  the  spheres  of  molecular  attraction.  Both  Mi 
and  M2  are  attracted  downward  by  a  force  equal  to  the  attraction 
of  the  molecules  in  the  stippled  area  of  its  sphere.  However,  sup- 
pose by  a  local  decrease  in  temperature  the  molecules  around  M^  are 
brought  closer  together  and  hence  the  number  of  molecules  in  the 
sphere  of  M^  increased  (causing  increase  of  surface  tension],  then 
molecules  from  the  adjacent  regions  are  attracted  toward  the  sphere 
of  M^  and  the  surface  above  M^  is  raised  and  made  convex,  while 
the  surface  above  Mi  is  lowered  and  made  concave,  as  in  Fig.  4. 
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Now  i/j  JB  pnlled  downward  by  the  molecnles  of  a  smaller  (Btippled) 
region  than  Mi,  bat  they  are  more  crowded.  Suppose  the  downward 
attractions  on  M,  and  M^  are  exactly  the  same.  One  might  sappose 
that  the  difference  in  surface  tension  is  also  equalized,  and  KoBEsr- 
soN,  on  page  699,  falls  into  this  error  (see  his  Pig.  2).  However,  Mi 
is  DOW  nearer  the  surface  than  Jtf]  and  a  new  figure  must  be  drawD 
in  which  tbey  are  equidistant  from  the  surface  (Fig.  5).  It  may 
readily  be  seen  by  inspecting 
*'  Fig.  5  that  the  surface  teoBioC* 

is  not  equalized  but  that  th^S 
difference  is  increased,  anc^^ 
the  surface  tension  cannot  b^M 
equalized  until  the  molccula'— 
attraction  per  unit  volume  i.^ — 
equalized.  In  other  word^^ 
surface  morements  will  coi^^ 
tinue  until  the  chemical  composition  and  temperature  of  the  anrfai— — 
are  nnifonn.  (Whereas  Figs.  3  and  5  serve  to  analyse  surface  mov^^ 
mentB,  they  do  not  apply  to  changes  in  curvature  resulting  tro^mt 
such  movemeutH,  since  the  internal  pressure  or  the  fluid  is  left  o^e3| 
of  consideration.] 

These  surface  movements,  by  friction  on  the  adjacent  Qvits, 
cause  more  general  movements.     In  case  of  a  drop  snspended  in  a 
liquid  medium,    spreading' 
*^*"   ■  of  the  BUiface  of  one  polar 

area  will  cause  a  vortei 
movement  in  the  drop  and 
another  in  the  medium.  Be- 
cause of  tbe  inertia  of  the 
medium,  these  movements 
would  lead  to  locomotion 
of  the  drop.  (Robertson 
neglects  this  factor  in  his 
erroneous  consideration  of  locomotion  of  the  Amoeba,  page  705.) 

Since  the  surface  film  acts  as  a  stretched  skin  it  exerts  no  force 
perpendicular  to  the  surface  if  that  is  plane.  However,  if  the  sur- 
face is  concave,  an  upward  pull  is  exerted  and  if  it  is  convex  a  down- 
ward (inward)  pressure  is  produced  on  the  liquid  beneath.  The 
pressure  within  a  spherical  drop  may  be  calculated  as  follows:  Let 
R  equal  the  radius  and  P'  the  internal  pressure  produced  by  the 


The  Laws  of  Surface  Tension  etc. 


239 


inward  pressure  of  the  surface  film.  If  the  sphere  is  divided  into 
two  hemispheres  by  a  rigid  plane  partition,  the  area  of  this  partition 
will  he  7tB^  and  the  downward  force  on  the  upper  surface  of  the 
partition,  tcR^P.  The  film  meets  the  partition  at  right  angles  along 
the  circumference  of  a  >great  circle*,  whose  length  =  2  TtR,  Hence 
if  T  is  the  surface  tension  of  the  liquid,  the  upward  force  exerted 
by  the  surface  tension  on  the  partition  is  2  nBT.  Hence,  since  this 
upward  force  must  be  equal  to  the  downward  pressure,  we  have: 

TtR^  P  =  2  TzRT 
2T 


P  = 


R 


Surface  tension  may  be  illustrated  by  the  following  experiment. 
A  wire  ring  is  dipped  into  soap  solution  and  withdrawn,  so  that  the 

Fig.  6. 


hole  in  the  ring  is  closed  by  a  liquid  film.  On  this  film  a  loop  of 
thread  is  laid  (Fig.  6,  A),  The  film  is  then  punctured  within  the  loop 
and  the  film  outside  the  thread  pulling  in  all  directions  toward  the 
wire  ring,  stretches  the  loop  into  a  circular  form  (B). 

The  spherical  form  of  drops  of  a  liquid  is  due  to  the  tension  of 
the  surface  film  which  acts  as  a  stretched  skin. 

Surface  tension  of  a  liquid  may  be  measured  in  the  following 
manner:  The  liquid  is  sucked  up  into  a  pipette,  the  other  circum- 
ference of  whose  mouth  is  measured  in  centimeters.  The  fluid  is 
allowed  to  flow  out  slowly  until  a  drop  falls  oflF.  The  drop  is  weighed 
in  grams.  The  weight  divided  by  the  circumference  is  the  surface 
tension,  since  a  surface  film,  the  length  of  whose  cross  section  equals 
the  circumference,  supports  that  weight.  If  the  measurement  is  made 
at  the  Earth's  equator  the  above  quotient  may  be  reduced  to  dynes 
by  multiplying  by  978. 

A  »surface  film  of  not  curvature*  may  be  illustrated  as  follows: 
Take  two  circular  ¥rfre  rings,  place  one  on  another  and  dip  them  in 
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Boap  solution.  While  drawing  them  oat  of  the  solution  Beparate  them 
(keeping  them  parallel)  bo  that  a  film  Btretohes  from  one  ring  to  the 
other  bat  does  not  close  either  ring.  A  film  shaped  like  the  aeck  of 
an  hoQT  glass  is  produced  (Fig.  7). 

The  redaction  of  surface  tension  by  a  solute  may  be  illnstrated 
as  follows:  Two  atendet  dishes  are  filled  with  water  and  to  one  of 
them  a  trace  of  alkali  or  soap  is  added.  A  mixture  of  2  parts 
chloroform  and  3  parts  rancid  olire  oil  is  sucked  up  into  a  pipette. 
The  month  of  the  pipette  is  held  beneath  the  sur&ce  of  the  water 
and  the  mixtnre  allowed  to  flow  out  slowly  and  drop  off.  The  drops 
formed  in  the  alkaline  water  are  smaller  than  those  in  the  pare 
water.  This  is  due  to  the  fact  that  the  alkali  acts  on  the  fat^  acid 
in  the  oil,   forming  soap,  which  lowers  the  surface  tension.     The 

Fig.  7. 


leBsened  surface  tension  snpportB  a  less  weight  of  the  mixtore 
on  the  end  of  the  pipette,  and  the  drop  falls  before  it  reaches  a 
large  size. 

It  will  be  noted  that  the  drops  resting  on  the  bottom  in  the 
pure  water  are  approximately  spherical  in  form  because  the  high 
BQrface  tension  resists  the  action  of  gravity.  However,  the  drops 
in  the  alkaline  solution  are  more  flattened  becanse  the  Horface  ten- 
sion IB  lessened  and  the  rcBistance  to  the  action  of  gravity  is  lessened. 
This  difference  is  accentuated  if,  by  holding  the  mouth  of  the  pipette 
near  the  bottom,  we  canBe  drops  of  the  same  size  to  be  formed  in 
the  two  dishes.  If  we  take  a  piece  of  linen  thread  .4  mm.  in  dia- 
meter, soak  it  in  water  and  /remove  all  air  bnbhleB,  then  place  it 
on  one  of  the  drops  in  the  pure  water,  the  high  surface  tension  of 
the  drop  resists  the  force  due  to  the  weight  of  the  thread,  and  the 
thread  slides  off  of  the  drop.     On  repeating  this  experiment  in  the 
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alkaline  water,  the  thread  presses  on  and  indents  the  drop,  and  if 
the  surface  tension  of  the  drop  is  sufficiently  lowered,  the  thread 
cots  it  in  two. 

Instead  of  adding  the  alkali  to  the  water,  Robertson  soaked 
the  thread  in  alkali.  He  used  drops  not  over  Vio  c<^*  '^^  volume  and 
submerged  them  not  more  than  5  mm.  beneath  the  surface  and  soaked 
the  thread  in  an  alkaline  solution  Vio — Vs  normal.  In  this  way  the 
surface  tension  was  weakened  just  beneath  the  thread,  and  if  the 
process  is  very  rapid  the  drop  might  be  cut  in  two  without  as  much 
general  flattening.  Apparently  my  first  attempts  at  repeating  his 
experiment  failed  because  the  threads  I  used  were  not  heavy  enough 
to  cut  through  the  drop,  for  Robertson  says  linen  threads  .2  mm. 
in  diameter  rarely  cause  division. 

In  an  attempt  to  exclude  the  action  of  gravity  Robertson  sub- 
sequently buoyed  up  the  drop  by  saturating  the  lower  layer  ot  water 
with  NaCl.  He  found  that  the  alkaline  thread  sometimes  cut  through 
the  drop,  especially  if  the  alkali  was  increased  to  a  normal  solution, 
but  he  adds:  >The  best  method  of  performing  the  experiment  is  to 
lower  an  alkaline  loop  of  thread  into  the  water  and  draw  it  gently 
up  through  the  drop<!  It  should  be  noted  that  although  the  drop 
does  not  rest  on  a  solid  surface,  the  action  of  gravity  is  not  en- 
tirely excluded,  for  the  drop  rests  on  a  layer  of  NaCl  solution  of 
greater  specific  gravity  than  itself 

Surface  movements  due  to  local  changes  in  tension  may  be 
illustrated  as  follows:  If  a  glass  plate  is  dipped  into  95%  alcohol, 
on  removal  it  will  be  covered  by  a  film  of  alcohol  due  to  the  ad- 
hesion of  the  alcohol  to  the  glass.  If  a  piece  of  cotton  wet  with 
water  is  held  near  a  portion  of  the  film,  the  surface  tension  will  be 
increased,  due  to  the  localized  increase  in  the  water  content  of  the 
alcohol.  The  surface  of  increased  tension  will  contract,  therefore 
each  molecule  in  the  surface  film  will  move  toward  the  center  of 
the  area.  The  friction  on  this  surface  layer  of  water  will  carry 
along  layers  beneath.  Therefore  all  of  the  alcohol  except  that  in 
close  contact  with  the  glass  will  be  displaced  toward  the  center  of 
the  area,  where  the  alcohol  is  heaped  up  and  the  surface  made 
convex.  If  the  cotton  is  held  near  the  surface  of  a  spherical  drop 
of  alcohol,  the  surface  currents  are  the  same,  but  the  molecules  that 
moved  to  the  center  of  the  area  turn  downward  (inward)  and  a  vortex 
is  formed.  The  surface  of  increased  tension  becomes  more  flattened 
due  to  the  increased  downward  (inward)  pressure  of  the  surface  film. 
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If  the  glass  plate  is  wetted  with  water,  and  a  rod  wet  with 
ether  ia  broaght  near  the  center  of  the  film,  the  ether  vapor  reduces 
the  surface  tension  and  the  affected  surface  film  spreads  (as  can  be 
seen  if  powder  is  dnsted  over  the  surface).  This  spreading  is  caused 
by  the  pall  of  tbe  snrrounding  surface  film  of  high  tensioD,  which 
in  turn  is  fastened  to  the  glass  at  tbe  periphery  of  the  wet  surface 
by  adhesion.  The  water  carried  away  from  the  center  is  temporarily 
banked  up  all  around  the  ed^e  of  the  affected  area,  and  if  the  action 
ie  TCry  violent,  the  center  will  become  dry.  This  experiment  is 
misinterpreted  by  Robertson  on  page  705,  If  the  ether  is  held 
near  the  surface  of  a  spherical  drop  of  water  the  affected  area  will 
be  bulged  out  instead  of  sunken  in,  though  this  experiment  is  diffi- 
cult to  perform  and  observe  in  air. 

The  pressure  in  a  drop  due  to  the  tension  of  the  surface  film 

/       may  be  measured  as  follows:    Water  is  encked  up  into  a  vertical 

/         capillary  tube  and  allowed  to  drop  out  nntil  equilibrium  is  reached  (a 

'  source  of  error  arises  in  tbe  final  breaking  off  of  too  large  a  drop), 

and  tbe  height  of  the  meniscus  in  tbe  tube  noted.    A  dish  of  water 

is  then  raised  from  beneath  until  the  surface  of  tbe  water  in  the  dish 

touches  the  drop.    The  meniscus  immediately  falls.    The  meniscus 

is  higher  while  the  drop  hangs  from  tbe  lower  end  of  tbe  tube  be- 

oanse  the  surface  tension  of  the  drop  causes  pressure  within  the  drop 

which  is  tranemitted  up  the  tube  and  raises  the  meniscus.    The  pres- 

^        sure  of  a  column  of  water  equal  in  height  to  tbe  difference  in  level 

''    of  the  meniscns  represents  the  pressure  within  the  drop. 

It  is  not  my  ambition  to  exactly  imitate  cell  division  with  a  model, 
but  an  analysis  of  the  following  experiment  may  throw  some  light 
on  what  hapens  when  a  cell  divides.  A  stender  dish  is  half  filled 
witb  distilled  water  and  a  funnel  inserted  so  that  the  stem  reaches 
the  bottom.  A  saturated  solution  of  pure  NaCI  in  distilled  water  is 
poured  very  slowly  into  the  funnel  so  that  the  salt  solution  comes 
to  lie  beneath  the  pure  water  without  much  mixing.  About  1  cc. 
of  the  chloroform-oil  mixture  is  poured  in,  so  that  it  forms  a  drop 
suspended  in  the  liquid.  Two  pipettes  are  filled  with  '/t  normal 
NaCI  solution  and  quickly  introduced  into  the  water,  and  the  alkali 
allowed  to  flow  gently  against  opposite  poles  of  the  drop.  If  the 
alkali  reaches,  both  poles  at  the  same  time  and  in  tbe  same  quantity, 
the  drop  elongates  along  the  polar  axis  and  asually  constricts  into 
an  hour  glass  shape.    It  often  divides  into  two  at  the  cosstrictioQ. 
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The  conditions  necessary  for  complete  division  are  very  limited,  as 
is  explained  in  the  following  analysis  of  the  experiment: 

The  alkali  reduces  the  surface  tension  at  the  poles  and  the 
pressure  inside  the  drop  causes  a  bulging  of  these  regions.  In  Fig.  8 
the  surface  film  of  low  tension  is  represenved  by  a  light  line  and 
that  of  high  tension  by  a  heavy  line.    At  the  same  time  the  polar 

Fig.  8. 


surface  films  spread  and  the  equatorial  surface  film  contracts,  pro- 
ducing vortex  movements  in  the  drop  and  in  the  medium  as  shown 
by  the  arrows  (shown  better  in  Fig.  9).  These  movements  may  be 
demonstrated  by  mixing  a  little  soot  with  the  oil  and  a  few  carmine 
grains  with  the  water.  The  dashed  arrows  represent  currents  in  the 
axis  of  the  drop.    The  surface  currents  carry  the  alkali  toward  the 


equator  and  enlarge  the  polar  regions  of  reduced  tension.  The  rapid 
fall  in  the  internal  pressure  caused  by  the  rapid  enlargement  of  the 
surfaces  of  low  tension  allows  a  constriction  of  the  equatorial  region, 
as  in  Fig.  9.  The  equatorial  surface  is  not  concave  (as  Robertson 
intimates)  but  remains  » convex <  until  the  meridional  concaveness 
equals  the  equatorial  convexness.  When  the  surfaces  of  reduced 
tension  have  expanded  until  the  area  of  high  tension  forms  but  a 
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Du-Tow  band  around  the  constricted  eqnator,  this  band  acts  like  an 
isolated  band  of  a  tension  equal  to  tbe  tension  of  its  surface  minm 
the  tension  of  tbe  surface  of  the  polar  refpons.  The  entire  force  of 
this  residnal  tension  is  exerted  toward  the  division  of  the  drop  (Fig.  10]. 
However,  the  completion  of  the  division  takes  time,  and  the  band 
is  rapidly  reduced  in  width  by  the  spreading  of  the  alkaline  sur- 
faces. If  the  constriction  is  not  completed  before  the  alkali  spreads 
over  the  whole  drop,  the  drop  retoms  to  a  spherical  shape.  Tfaere^ 
fore  it  is  nnaenal  that  a  complete  division  of  the  drop  occnrs  *). 

If  a  substance  which  increases  the  surface  tension  is  liberated 
along  an  equatorial  band,  division  will  occur.  However,  a  demon- 
stration of  this  would  be  difGcnlt  for  the  following  reasons:  it  would 
involve  an  increase  in  the  sum  total  of  surface  tension,  and  since 
the  surface  is  increased  by  division,  a  double  increase  of  sorfaee 

Fig.  10. 


energy  would  have  to  be  brought  about,  and  would  involve  a  double 
amount  of  work  to  overcome  the  inertia  of  the  system.  This  work 
would  have  to  be  expended  in  such  a  way  as  to  increase  the  sur- 
face tension  i.  e.,  by  locally  decreasing  the  temperature,  or  tixe 
electrical  polarization,  or  the  concentration  of  a  sabstanoe  which 
decreases  the  surface  teoBion,  or  by  increasing  the  concentration 
of  a  substance  which  increases  the  surface  tension.  A  great  differ^ 
ence  in  temperature  or  pressure  is  necessary  for  a  small  difference 
in  surface  tension,  and  the  mechanism  of  maintaining  the  eqnator  at 
a  lower  temperature  or  higher  pressure  has  not  been  devised.  Whereas 
some  dissolved  substances  slightly  raise  the  surface  tension  of  water, 
they   affect  the  specific  gravity  in  a  more  marked  degree  and  inter- 


■]  Failure  to  perform  this  eiperiment  is  due  to  lack  of  dexterity.  The 
smaller  the  drop  the  (relatively)  greater  the  surface  tension  but  the  greater  is 
the  dexterity  required.  Pipettes  with  capillary  openings  are  more  easily  con- 
troled,  and  the  concentratioa  of  alkali  may  be  increased  to  oompeosate  for 
lednced  qoanti^,  but  it  should  not  be  heavier  than  the  salt  solution. 
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fere  with  the  experiment.  Dissolyed  sabstances  which  markedly 
raise  the  sarface  tension  of  liquids  that  could  be  used  in  a  model, 
have  not  been  found.  If  we  start  out  with  an  oil  drop  in  soapy 
water,  the  soap  might  be  precipitated  at  the  equator  by  a  liberation 
of  calcium,  but  the  solid  soap  so  produced  would  form  a  crust  on 
the  equatorial  surface  and  interfere  with  its  contraction.  There  remains 
the  method  of  an  equatorial  decrease  in  electric  polarization.  A  model 
en  this  principle  h^  not  been  constructed.  Electrical  variations  have, 
however^  long  been  known  to  occur  in  living  cells,  and  Miss  Hyde 
has  detected  them  in  dividing  eggs^).  I  have  discussed  the  pos- 
sibility of  cell  division  being  due  to  an  equatorial  increase  in  surface 
tension,  following  decrease  in  electrical  polarization  due  to  increase 
in  permeability,  in  previous  papers  3)  (however,  I  can  no  longer  assume 
protoplasm  to  have  an  invisible  alveolar  structure). 

Now  that  the  whole  subject  has  been  reviewed,  a  direct  con- 
sideration of  Robertson's  paper  will  be  made.  We  have  shown  that 
in  Robertson's  experiment  the  oil  drop  is  divided  by  the  gravitation 
of  the  thread  which  has  been  soaked  in  an  alkaline  solution.  The 
alkali  reduces  the  surface  tension,  thus  reducing  the  resistance  to 
division,  and  thus  allows  division  by  a  thread  of  less  weight  than 
would  otherwise  be  necessary. 

Robertson,  on  page  695,  objects  to  the  hypothesis  that  division 
can  be  brought  about  by  an  equatorial  increase  in  surface  tension, 
because  the  two  drops  resulting  from  division  have  a  greater  surface 
than  the  original  drop,  and  if  the  surface  tension  is  not  decreased 
the  potential  energy  of  the  surface  is  increased  and  work  performed 
•vrithout  the  introduction  of  any  energy  from  without «.  He  forgets 
that  work  is  done  in  increasing  the  surface  tension  of  the  equator. 
Robertson's  assertion  (page  699)  that  regions  which  are  convex 
to  the  medium  have  relatively  high  surface  tension  is  only  true 
when  the  surface  tension  of  the  medium  is  less  than  that  of  the 
liquid  in  question,  at  the  surface  of  contact,  as  has  been  pointed 
out  above. 

Robertson's  argument  on  pages  699  and  700  falls  flat  when 
we  note  that  M^  and  M^  are  not  the  same  distance  below  the  curved 
line  alrmd. 


1)  Hyde,  Am.  Joum.  Physiol.   Vol.  12.   p.  241. 

^  McClendon,  Am.  Jonrn.  Physiol.   Vol.  27.    p.  240;   Biological  Bulletin. 
yoL22.   1912.   p.  168. 
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Robertson  criticises  my  illustration  of  a  rubber  balloon.  I  make 
no  defence  of  this  because  it  was  never  supposed  to  be  an  exact 
model  of  cell  division. 

Robertson  criticises  my  oil  drop  model  of  cell  division.  I  have 
modified  it  as  described  above,  to  more  nearly  imitate  cell  divison. 
However,  I  make  no  claims  for  this  model,  except  that  the  dyna- 
mics of  this  ifaodel  throw  light  on  the  dynamical  possibilities  in  cell 
division. 

Robertson's  illustration  on  page  705  of  the  effect  of  decrease 
of  surface  tension  on  the  level  of  the  surface,  is  not  a  general  case, 
since  the  proximity  of  the  glass  plate  interferes  ¥ath  the  internal 
movements  of  the  fluid.  By  increase  in  the  thickness  of  the  layer 
of  water  the  result  may  be  entirely  changed. 

Robertson's  illustration  on  page  705  of  a  boy  enclosed  within 
a  football,  trying  to  progress  by  pushing  against  the  inside,  without 
success,  reminds  me  of  my  youthful  experiment  with  the  opposite 
result.  While  enclosed  in  a  large  barrel  I  caused  it  to  progress  very 
rapidly.  Surface  movements  could  cause  the  locomotion  of  an  amoeba 
suspended  in  water  by  driving  the  water  in  the  opposite  direction, 
in  the  same  may  that  a  steamboat  progresses. 

As  to  Robertson's  hypothesis  of  the  polar  synthesis  of  nucleic 
acid  in  the  daughter  nuclei  being  causally  related  to  cell  division, 
I  observed  division  of  starfish  eggs  from  which  I  had  removed  the 
nuclear  material). 

Summary. 

If  a  drop  of  liquid  is  suspended  in  a  liquid  medium,  any  area 
whose  surface  tension  is  reduced,  spreads  and  protrudes,  causing 
vortical  currents,  whereas  any  area  whose  surface  tension  is  in- 
creased, contracts  and  becomes  more  flattened,  causing  a  vortex  in 
the  opposite  direction. 

Division  of  a  similar  drop  may  be  brought  about  by  a  condition 
in  which  an  equatorial  band  has  a  higher  surface  tension  than  the 
remainder  of  the  surface. 

Robertson  came  to  opposite  conclusions,  but  five  fallacies  in 
his  argument  are  pointed  out  above. 


1)  McClendon,  Arch.  f.  Entw.-Mech.   Bd.  26.    1908.    S.  662. 
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Zusammenfassung. 

Wird  ein  FlUssigkeitBtropfen  in  einem  flttssigen  Medium  snspendiert,  so 
breitet  sich  jeder  Bezirk  mit  verminderter  Oberflachenspannang  ans  nnd  treibt 
sich  vor,  indem  er  vortikale  StrOmungen  hervorbringt.  Dagegen  zieht  sich  j'eder 
Bezirk  mit  vermehrter  Oberflachenspannang  znsammen  nnd  flacht  sich  ab,  unter 
Yeranlassung  eines  Wirbels  in  der  entgegengesetzten  Eichtung. 

Teilnng  eines  iihnlichen  Tropfens  kann  darch  Verhaltnisse  zustande  kom- 
men,  bei  denen  ein  aqnatorial  gelegener  Streifen  hOhere  Oberflachenspannung 
besitzt,  als  die  fibrige  OberflSche. 

Robertson  kam  zu  entgegengesetzten  Folgernngen  —  imVorstehenden  sind 
aber  fiinf  anrichtige  Pnnkte  in  seiner  Beweisftihmng  aufgewiesen  worden. 

(Ubersetzt  yon  Yf»  Gebhardt.) 
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The  essential  of  a  good  course  in  histology  or  embryology  is 
good  material.  Fresh  human  material  should  never  be  allowed 
to  go  to  waste,  but  it  may  be  at  times  very  inconvenient  to  put  it 
up  in  a  variety  of  fancy  fixing  fluids. 

Perhaps  the  best  general  cytoplasmic  fixer  is  formalin  of  10  to 
20  per  cent  (4  to  8  per  cent  formaldehyde).  If  material  so  fixed 
is  not  soaked  too  long  in  alcohol  of  high  concentration,  it  may  be 
used  as  fresh  tissue  in  special  technique  to  show  fats  or  mitochon- 
dria. In  fact  the  formaldehyde  alone  makes  unsaturated  fats  and 
lipoids  less  soluble  in  clearing  fluids.  On  the  other  hand,  if  the 
washing  in  water  is  omitted,  the  structure  of  resting  nuclei  is 
well  enough  preserved  for  ordinary  purposes. 

Commercial  formalin  contains  formic  acid,  which,  although 
developing  a  more  beautiful  nuclear  structure,  may  begin  to 
cytolyse  the  more  dehcate  cells  before  they  are  sufficiently  fixed 
by  the  formaldehyde.  This  is  especially  noticeable  in  erythro- 
cytes— ^haemolysis,  or  escape  of  haemoglobin,  occurring  in  parts 
of  the  tissue.  Fiulhermore,  acids  swell  fresh  white  fibrous  tissue. 
It  seems  worth  while,  therefore,  to  neutralize  the  formol,  and  this 
may  easily  be  done  by  adding  slack  hme  (CaCOs)  or  magnesia, 
and  filtering. 

Doctor  Ferguson  first  called  my  attention  to  the  fact  that  kid- 
ney swells  in  many  fixing  fluids,  whereas  it  is  conunonly  supposed 
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that  the  majority  of  tissues  shrink  a  little.  Death  of  isolated 
cells  as  seen  under  the  microscope  may  be  accompanied  by  swell- 
ing (cytolysis)  or  contraction.  In  every  case,  an  increase  in  per- 
meability to  some  substances  occurs,  but  I  found  that  during  the 
early  stages  of  cytolysis  of  the  sea  urchin's  egg,  it  remains  very 
impermeable  to  salts.  Dead  animal  or  plant  membranes  are  more 
permeable  to  water  than  to  dissolved  substances,  but  apparently 
some  living  cells  are  impermeable  to  waters  The  Fundulus  egg, 
if  transferred  from  sea  water  to  distilled  water,  does  not  burst, 
though  it  is  certainly  not  capable  of  resisting  the  enormous 
osmotic  pressure  of  its  internal  salts.  Since  I  found  this  egg  to  be 
impermeable  to  salts,  it  must  also  be  impermeable  to  water  (it  is 
permeable  to  kations,  but  for  every  kation  that  comes  out,  the 
electrical  equivalent  must  go  in).  If  such  a  cell  became,  on  death, 
permeable  to  water,  the  osmotic  pressure  of  its  internal  dissolved 
substances  might  cause  it  to  swell.  If  a  Paramoecium  be  killed 
by  an  ordinary  fixing  fluid,  even  though  it  be  hypertonic,  the 
protoplasm  first  coagulates,  then  the  whole  animal  swells  a  little. 
This  may  be  what  happens  to  some  tissue  cells,  and  I  found  that 
it  is  not  always  prevented  by  the  addition  of  0.9  per  cent  sodium 
chloride  to  the  fixing  fluid.  Therefore  I  supposed  the  swelling  due 
to  the  osmotic  pressure  of  some  contained  substance  of  large 
molecule,  and  experimented  with  the  addition  of  cane  sugar  to 
neutral  formol.  By  this  means  the  cytolysis  of  adult  convoluted 
nephric  tubule  cells  is  prevented,  and  the  general  fixation  is  good 
except  that  some  nuclei  may  be  slightly  shrunken.  This  fluid 
may  be  used  for  all  adult  tissues  and  embryos,  and  is  easily  pre- 
pared as  follows: 

Formol 100-200  cc. 

Cane  sugar 20-40  grains 

Slack  lime  (CaCOj)  or  magnesia about  1  gram 

Water  to  make  1  liter. 

If  the  shrinkage  of  a  few  nuclei  is  very  objectionable  use  only 
20  grams  of  sugar.  This  fluid  has  the  advantage  that  tissues  and 
embryos  float  in  it  and  therefore  do  not  become  distorted. 

If  the  whole  kidney  of  a  fetus  be  fixed  in  the  above  mixture  or 
any  other  fixing  fluid,  the  cells  of  the  convoluted  tubules  will 
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swell  until  they  fill  the  lumen.  This  brings  us  to  a  well  known 
point  that  is  often  neglected.  Tissues  should  be  cut  into  as  thin 
slices  or  pieces  as  is  practicable  and  the  cells  not  injured  in  the 
cutting.  Fetal  tissues  are  especially  delicate.  They  should  be 
cut  with  a  very  sharp  thin  blade  and  lifted  on  the  blade  into  the 
fixing  fluid. 

Many  workers  object  to  formalin  because  it  ^^ causes''  a  homo- 
geneous appearance  to  protoplasm.  The  ultra  microscope  has 
shown  that,  aside  from  evident  granules,  living  protoplasm  is 
homogeneous,  contrary  to  Biitschli  and  others.  There  are  per- 
sons who  now  accept  formalin  for  cytoplasmic  fixation  but  say 
that  it  'Moes  not  fix  nuclei  well."  Some  structures  may  be  seen 
in  living  nuclei.  I  have  studied  many  nuclei  with  high  powers 
and  with  the  ultra  microscope,  yet  I  cannot  decide  what  form  of 
fixation  corresponds  most  closely  to  the  hving  structure.  Both 
cytoplasm  and  nucleus  of  a  hving  erythrocyte  of  a  frog  is  homo- 
geneous when  examined  in  serum  or  uncoagulated  plasma  with 
the  ultra  microscope.  Sooner  or  later  bright  points  or  clouds 
appear  on  or  in  the  nucleus,  but  this  is  usually  associated  with 
change  of  nuclear  form  and  is  evidently  due  to  injury. 

Formaldehyde  not  only  does  not  coagulate  protoplasm  but 
renders  it  more  difficult  to  coagulate.  It  also  makes  Upoids  less 
soluble  in  clearing  fluids.  However,  I  find  an  after-treatment 
with  Miiller's  fluid  or  some  other  oxidising  fluid  necessary  for 
the  preservation  of  lipoids,  the  amount  of  oxidation  necessary 
depending  on  whether  mitochondria,  myelin  or  fats  are  studied. 

Ordinary  staining  depends  on  the  fact  that  all  protoplasm 
treated  with  acid,  stains  with  acid  dyes,  whereas  certain  parts 
take  also  basic  dyes.  Many  staining  solutions  contain  free  acid, 
but  tissues  stain  more  quickly  if  they  are  previously  treated 
with  acid.  For  this  reason  we  put  everything  into  the  formol 
mixture  and  after  a  few  hours  transfer  part  of  it  to  Bouin's 
fluid.  This  tissue  is  finally  stained  on  the  slide  in  haematin  and 
eosin.  The  alum  haematin  lake  is  usually  so  strong  that  it 
stains  in  three  minutes,  but  the  eosin  is  so  much  diluted  that 
twelve  hours  are  required  to  stain  and  in  this  time  smooth  mus- 
cle stains  less  intensely  than  white  fibrous  tissue    The  acid  in 
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Bouin's  jfluid  causes  the  tissue  to  stain  more  brilliantly  but  if 
the  fresh  tissue  is  put  into  Bouin's  fluid  the  blood  in  some  of  the 
vessels  will  be  laked.  Part  of  the  material  is  transferred  from 
the  formol  mixture  to  Miiller's  fluid  and  subsequently  stained 
with  iron  hematoxylin  to  show  the  lipoids  (mitochondria,  etc.). 

Ordinarily,  the  student  is  shown  two  dimensions  of  a  piece 
of  tissue  or  embryo,  and  left  to  imagine  the  third.  Though 
whole  mounts  of  chick  embryos  are  handed  out,  cleared  pig  em- 
bryos, and  blocks  or  thick  sections  of  certain  tissues  are  even 
more  useful.  For  a  solid  mount,  the  object  should  be  placed 
in  a  dish  of  balsam  or  damar  dissolved  in  benzol  and  protected 
from  dust  until  it  evaporates  down  to  sirupy  consistency,  then 
mounted  in  the  usual  way.  By  this  means  the  necessity  of 
rings  or  other  supports  to  the  cover  glass  is  avoided,  and  drying 
out  or  great  shrinkage  prevented. 

All  of  the  solid  mounts  turn  yellow  with  age,  but  a  number 
of  highly  refractive  fluids  may  be  obtained  that  are  colorless. 
These  are  listed,  with  their  refractive  indices,  in  Landolt-Born- 
stein;  Behren's  Tabellen;  and  Lee's  Vade  Mecum.  The  higher 
the  refractive  index  the  better,  for  if  in  any  case  a  lower  index 
is  desired,  this  may  be  obtained  by  the  addition  of  paraffin  oil 
or  xylol  (or  water  in  case  of  aqueous  media).  It  niay  be  noted 
here  that,  whereas  the  process  of  clearing  in  a  mixture  of  oil 
of  wintergreen  (Gaulteria)  and  benzyl  benzoate  has  been  patented 
in  Germany  and  is  widely  known  under  the  name  of  the  patentee, 
wintergreen  was  first  used  by  Stieda  in  1866,  and  the  synthetic 
oil  (methyl  salicylate)  recommended  by  Gu6guen  in  1898,  and 
is  noted  in  various  books  on  technique. 

Methyl  salicylate  is  permanently  colorless,  and  comparatively 
inexpensive,  and  ideal  for  a  fluid  mount.  If  rings  are  demented 
on  slides  with  shellac  or  hquid  glue  and  allowed  to  dry,  they 
are  not  loosened  by  the  oil.  Paper  rings  soaked  in  shellac  or 
glue  will  do,  but  rings  may  be  cut  from  lead  pipe  with  an  ordi- 
nary saw  or  a  bone  saw  if  the  proper  size  of  glass  rings  are  not 
at  hand.  The  shellac  must  be  dry  before  adding  the  oil,  which 
must  be  free  from  alcohol.     I  prefer  glue. 

If  the  tissue  is  hardened  in  alcohol,  thick  sections  may  be*  cut 
free-hand.     Thick  sections  are  often  better  unstained,  especially 
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if  injected,  and  much  detail  may  be  made  out  by  partly  closing 
the  diaphragm  of  the  microscope.  If  stained  with  very  dilute 
haematin  containing  much  acid,  connective  tissue  is  colorless  and 
cytoplasm  nearly  so,  whereas  nuclei  may  be  readily  distinguished. 
In  this  way  blood  vessels  and  glands  in  areolar  tissue  are  caused 
to  stand  out  sharply. 

Whole  mounts  and  thick  slices  are  especially  useful  in  embry- 
ology, and  are  a  necessity  unless  one  is  contented  with  teaching 
the  third  dimension  with  models.  The  larger  the  embryo,  the 
more  attention  must  be  paid  to  the  clearing  medium  in  order  to 
distinguish  internal  structures.  Methyl  salicylate  is  admirable 
for  pig  embryos  of  all  sizes  and  even  for  small  fetuses.  I  found 
ethyl  salicylate  to  be  as  good  if  not  better,  but  it  is  more  expen- 
sive. Canada  balsam  has  about  the  same  refractive  index 
CD  =  1.535)  as  methyl  salicylate  ("D  =  1.536),  but  darkens 
with  age. 

Embryos  may  be  placed  directly  from  absolute  alcohol,  benzol, 
xylol,  toluol  or  chloroform  into  methyl  salicylate,  but  in  order 
to  obtain  the  proper  refractive  index,  the  preliminary  fluid  must 
all  be  removed.  This  may  be  evaporated,  or  washed  out  with 
more  wintergreen.  Benzol  is  to  be  recommended  because  it  is 
cheapest  and  evaporates  out  most  easily.  The  evaporation  may 
be  hastened  by  an  air  pump,  which  also  removes  any  air  bubbles 
that  may  get  into  the  specimen.  These  bubbles  expand  and 
are  absorbed  after  the  pump  is  disconnected,  or  by  successive 
pumpings.  An  ordinary  air  pump  will  cause  the  benzol  and  air 
to  boil  out.  A  water-suction  air  pump  (aspirator)  will  suffice 
but  a  float  valve  and  safety  bottle  should  be  interposed  between 
the  pump  and  the  specimen  to  prevent  the  back  flow  of  water. 
An  exhaustible  desiccator  is  convenient  for  holding  large  em- 
bryos while  they  are  being  pumped  out.  If  the  cover  is  well 
ground,  the  oil  will  seal  it  sufficiently,  and  vaseline  should  not 
be  used. 

Most  of  the  internal  organs  may  be  distinguished  in  unstained 
embryos  by  cutting  down  the  light.  The  individual  cells  of 
mesenchyme,  cartilage  and  blood  may  be  seen ;  the  cellular  struc- 
ture of  the  neural  tube  is  indicated  by  radial  striations  and  the 
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larger  nerves  appear  as  bundles  of  fibers.  Some  organs  in  smaller 
embryos  are  made  more  distinct  by  staining  with  very  dilute 
alum  haematin  containing  a  large  amount  of  acid. 

Even  in  quite  small  embryos,  many  of  the  blood  vessels  may 
be  traced  by  the  blood  cells,  and  the  large  empty  veins  followed 
as  cavities.  However,  with  the  smaller  vessels  this  becomes  more 
laborious  than  serial  sections.  On  the  other  hand,  the  injection 
of  small  embryos  for  class  use  means  quite  an  outlay  of  time. 
Therefore,  it  seemed  necessary  to  find  some  way  to  fix  the  haemo- 
globin, and  keep  the  vessels  full,  in  order  to  distinguish  the 
vessels  by  the  color  of  the  blood.  I  found  that  the  same  method 
that  prevents  the  cytolysis  of  nephric  tvbule  cells  prevents  haemolysis. 

Living  embryos  are  obtained,  the  amnion  opened,  the  placenta 
squeezed  to  force  the  blood  into  the  embryo,  and  the  umbilicus 
tied  or  clamped.  Artery  clamps  are  too  strong  and  pinch  oflF 
the  cord.  (I  made  clamps  out  of  wire  (lower  part  of  fig.  1)  in 
order  to  avoid  tying  so  many  cords  at  the  slaughter  house. 
The  clamp  may  be  removed  in  half  an  hour  and  used  again.) 
The  embryo  is  dropped  into  the  neutral-formol-sugar  mixture 
described  above,  and  left  until  thoroughly  fixed.  In  case  of  a 
fetus,  part  of  the  skin  should  be  torn  oflF  after  the  superficial 
blood  vessels  are  fixed,  to  insure  penetration  of  the  formaldehyde. 
A  hole  may  be  made  in  the  skull  by  slicing  off  a  small  piece 
tangentially  or  by  a  sagittal  cut  near  (to  the  right  of)  the  median 
plane.  Large  fetuses,  unless  skinned  completely,  will  have  to 
be  Scraped  to  remove  the  pigment  layer. 

Transfer  the  specimen  after  washing,  or  directly,  from  the 
fixing  fluid  to  alcohol  of  about  70  per  cent.  After  they  have 
hardened  in  80  or  95  per  cent  alcohol  it  is  well  to  split  the  large 
specimens  by  a  sagittal  cut  a  Uttle  to  the  right  of  the  median 
plane  with  a  very  thin  bladed  knife.  The  dehydration  with 
higher  alcohols  should  be  slow  enough  to  prevent  shriveling. 

By  this  method  the  blood  retains  its  color,  and  although  it 
does  not  take  the  place  of  injection,  it  is  a  great  help  to  th6 
student.  I  have  inserted  three  figures  to  show  what  can  be  seen 
in  such  specimens. 
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Fig.  1  Left  half  of  a  pig  embryo  7  mm.  long  after  clearing.  The  veins  are 
black,  the  arteries  croas-strmted,  the  5th,  7th,  8th,  lOth  and  11th  cranial  nerves 
are  longitudinally  striated,  the  notochord  is  represented  by  a  heavy  line  and  the 
fore  gut  by  a  dashed  line.  The  sinuous  line  ventral  to  the  embryo  repreaents  a 
wire  (partly  open)  clamp  used  in  clamping  the  umbilicus. 
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Figure  1  represents  a  pig  embryo  about  8  mm.  Jong.  The 
nerve  tube^  fore  gut,  mesonephros,  liver,  heart,  eye  and  ear  are 
clearly  seen.  The  arterial  system  and  part  of  the  cardinals  and 
subcardinals  can  be  distinguished.  The  notochord  is  distinct, 
and  the  5th,  7th,  8th,  10th,  and  11th  cranial  nerve  roots  can  be 
made  out.     Figures  2  and  3  are  described  in  the  appendix. 

I  have  prepared  hundreds  of  pig  embryos  and  fetuses  in  this 
way,  and  also  injected  many  with  india  ink  and  cleared  them 
in  wintergreen  oil.  A  completely  injected  fetus  can  only  be 
studied  in  comparatively  thin  (freehand)  sections.  Various  de- 
grees of  partial  injection  are  very  useful  to  show  the  larger  ves- 
sels, but  these  may  be  seen  in  the  uninjected  fetuses.  The  left 
side  of  an  uninjected  fetus  which  has  been  cleaved  a  little  to  the 
right  of  the  median  plane,  will  show  the  general  circulation, 
except  in  the  liver.  The  larger  vessels  in  the  liver  may  be  seen 
by  removing  the  lateral  portions  and  passing  a  strong  light 
through  the  remainder  (an  arc  light  is  excellent),  or  the  liver 
may  be  removed  and  cut  into  slices.  In  injected  specimens  the 
liver  is  hopeless. 

I  washed  with  alcohol  the  blood  out  of  the  vessels  of  a  fetus 
4  inches  long  and  cleared  it  in  wintergeen  oil,  then  injected  it 
with  mercury.  This  method  has  the  advantage  that  the  extent 
of  the  injection  may  be  watched  and  controlled. 

The  injection  may  be  limited  by  using  a  coarse  granular  pig- 
ment that  will  not  go  into  the  capillaries.  A  gelatine  mass  is 
not  absolutely  necessary  to  hold  the  pigment.  A  light  colored 
opaque  pigment  has  the  advantage  that  it  may  be  seen  by  trans- 
mitted or  reflected  light. 

The  arteries  may  be  injected  and  the  haemoglobin  fixed  in  the 
veins,  giving  handsome  specimens.  If  it  is  desired  to  show  only 
the  injection,  no  formalin  should  be  used.  Much  of  the  haemo- 
globin may  be  dissolved  out  by  putting  the  fresh  specimen  into 
weak  alcohol  or  alcohol  and  acetic  acid.  All  of  the  haemoglobin 
may  be  removed  with  dilute  acetic  acid  provided  an  injection 
is  used  that  is  not  affected  by  this  acid. 
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APPENDIX 
ON  THE  ARTERIES  AND   VEINS  IN  A  30  MM.   PIG   EMBRYO 

The  method  of  fixing  the  haemoglobin  and  clearing  in  winter- 
green  oil  to  show  the  course  of  the  vessels  has  been  especially 
successful  in  case  of  pig  embryos  of  about  30  mm.  length  Figures 
2  and  3  show  th§  larger  vessels  of  the  median  plane  and  left  side 
of  one  of  them.  The  courses  of  most  of  the  vessels  approach 
the  type  of  the  adult  pig  and  show  distinctions  in  topography 
from  those  in  man.  The  common  carotid  artery  and  (right) 
innominate  artery  arise  from  a  common  trunk,  the  brachio- 
cephalic artery.  The  posterior  inferior  cerebellar  artery  arises 
from  the  basilar  instead  of  from  the  vertebral. 

Notwithstanding  the  great  development  of  the  vena  cava,  the 
left  posterior  cardinal  is  of  considerable  size.  The  right  cardinal 
(not  figured)  is  smaller.  The  thoraco-epigastric  vein  is  divided 
into  two  parts,  one  of  which  drains  anteriorly  into  the  internal 
mammary. 

The  vessels  of  the  limbs  could  not  be  completely  followed,  but 
enough  was  seen  to  demonstrate  that  they  differ  very  much  from 
those  in  the  adult. 

Besides  the  vessels,  the  mouth  cavity,  brain,  eye,  endolymph- 
atic labyrinth,  lungs,  mesonephros,  kidney,  testis  and  penis  are 
outlined  in  the  figures. 
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On  the  Absorption  of  Water  through  the  Skin  of  a  Frog. 

By 

J.  F.  McCiendon^ 

Univenity  of  MinnesoU,  Minneapolis. 

(Contribution  from  the  Anatomical  Department  of  Cornell  Uniyersity 

Medical  College.) 

(£ingegangen  am  4.  Febroar  1914.) 

The  work  of  Overton  seemed  to  show  very  clearly  that  the  whole 
frog,  or  the  excised  muscle,  when  placed  in  water  or  a  hypotonic  solution, 
absorbs  water,  and  that  the  driving  force  of  this  absorption  is  the 
osmotic  pressure  of  the  tissue  and  cell  fluids.  It  was  rather  surprising, 
therefore,  that  Martin  Fischer  shoidd  imagine  that  the  driving  force 
of  this  absorption  is  the  swelling  of  colloids,  and  to  construct  on  this 
hypothesis  theories  of  edema  and  nephritis.  I. do  not  wish  to  consider 
either  edema  or  nephritis,  but  merely  to  consider  wheter  any  quan- 
titative relations  of  the  absorption  of  water  by  the  frog  or  through 
the  frogs  skin  are  inexplicable  on  the  theory  of  osmotic  pressure. 

Fischer  ligated  the  leg  of  the  frog  at  the  knee  so  as  to  cut  off  the 
circulation  of  blood  and  Ijnnph,  and  so  long  as  the  leg  remained  in 
water,  it  absorbed  water.  Obviously  it  made  no  difference  whether  the 
leg  was  amputated  or  remained  attached  to  a  live  frog.  My  explanation 
of  this  is  that  the  leg,  and  all  other  parts,  of  the  frog  is  constantly  ab- 
sorbing water  while  immersed,  but  that  this  water  is  constantly  being 
eliminated  by  the  kidneys  so  that  the  leg  retains  its  normal  water 
content.  But  as  soon  as  communication  with  the  kidneys  is  interrupted 
by  a  Ugature  at  the  knee  (thus  stopping  the  blood  and  lymph  flow)  the 
water  absorbed  begins  to  accumulate  in  the  leg.  The  same  is  probably 
true  of  the  excised  muscle,  eyeball  or  any  other  part,  while  living,  and 
perhaps  for  some  time  after  death  of  the  cells. 

It  was  not  practicable  to  measure  the  volume  of  blood  flowing  to 
the  leg  and  subtract  it  from  the  volume  of  blood  (and  lymph)  leaving 
the  leg  in  order  to  see  whether  the  leg  with  a  circulation  absorbs  water 
at  the  same  rate  as  the  leg  that  is  Ugated.    However,  by  making  the 
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assumption  that  water  is  absorbed  through  all  regions  of  the  skin  of 
the  immersed  frog  at  the  same  rate  per  unit  area,  a  method  of  experiment- 
ation was  found. 

The  skin  area  of  a  leopard  frog  {Rana  pipiens)  exclusive  of  the  head 
was  measured  by  pasting  pieces  of  waxed  cross  section  paper  over  it 
and  then  computing  the  number  of  squares  on  the  paper.  This  may  seem 
a  crude  method  but  it  was  the  most  accurate  that  was  found.  By  this 
means  it  was  determined  that  the  ratio  of  the  whole  skin  area  (exclusive 
of  the  head)  to  the  area  of  the  two  hind  legs  (and  feet)  below  the  knees, 
was  3,495.  In  a  wood  frog  {Rana  sylvatica)  this  was  found  to  be  3,497. 
Since  the  errors  of  measurement  are  probably  too  great  to  make  the 
third  decimal  place  of  any  use,  we  will  consider  this  ratio  as  3,5. 

Two  leopard  frogs  of  the  same  weight  were  selected.  One  was 
weighed  and  then  fixed  in  an  apparatus  so  that  the  urine  was  collected, 
and  the  frog  kept  immersed  up  to  the  head  in  water.  It  could  drink 
no  water  and  it  breathed  a  damp  atmosphere,  so  that  there  could  be 
no  evaporation  from  the  lungs.  The  two  legs  of  the  other  leopard  frog 
were  ligated  just  above  the  knee,  amputated  immediately  above  the 
ligature  and  weighed,  and  then  immersed  in  water.  At  the  end  of 
twenty  hours  the  frog  ( +  urine)  was  weighed  and  the  two  legs  were 
weighed.  Taking  the  average  results  of  three  experiments  the  frog 
had  increased  11  grams,  the  legs  had  increased  1,1  gram.  The  ratio  is 
10  as  compared  with  3,5  for  the  ratio  of  skin  areas.  In  other  words, 
the  absorption  of  water  through  the  skin  of  the  normal  frog  was  nearly 
three  times  as  rapid  as  the  absorption  of  water  through  the  skin  of  the 
excised  legs  per  unit  area.  On  the  osmotic  theory  this  may  be  explained 
by  the  fact  that  the  osmotic  pressure  throughout  the  normal  frog  was 
maintained  equal  to  a  0,7% solution  of  NaCl  by  the  action  of  the  circula- 
tion and  kidneys,  whereas,  the  osmotic  pressure  in  the  skin  of  the 
amputated  leg  was  rapidly  lowered  by  the  mixture  of  the  first  water 
absorbed  with  its  fluids,  and  hence  the  rate  of  absorption  of  water  was 
rapidly  reduced. 

In  an  experiment  with  wood  frogs  lasting  five  hours,  the  frog  in- 
creased in  weight  0,67  grams  and  the  two  hind  legs  0,15  grams.  In  this 
case  the  ratio  was  4,5  or  not  very  much  more  than  the  ratio  of  skin 
areas,  3,5.  It  seems  probable  that  if  the  time  had  been  very  short,  the 
ratio  would  have  been  the  same,  but  owing  to  errors  concerned  with 
weighing,  this  was  not  attempted,  as  it  was  feared  that  the  increase  in 
weight  would  not  be  very  much  larger  than  the  errors.  It  should  be 
noted  that  every  effort  was  made  to  reduce  errors  —  the  skin  was 
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wiped  in  the  same  manner  each  time  and  the  frogs  and  legs  were  weighed 
in  closed  glass  vessels  to  prevent  evaporation. 

The  effect  of  circulation  of  the  contained  fluids  in  the  leg  was 
shown  in  the  following  manner:  It  was  determined  that  in  0,7%  NaCl 
the  leg  of  a  wood  frog  neither  gained  nor  lost  weight. 

The  two  legs  of  a  wood  frog  were  amputated  above  the  knee  and 
one  was  hgated  just  below  the  amputation.  The  other  was  carefully 
skinned  and  the  leg  taken  out  without  injuring  the  skin.  The  skin  was 
then  filled  with  0,7%  KaCl  solution  and  ligated  at  the  same  level  as  the 
Qther  leg  and  the  results  given  in  the  following  table: 


Increase  in  weight  in  grams 
Hrs.       I         leg         I        skin 


1 

0,7 

0,07 

3 

0,165 

0,21 

6 

0,22 

0,47 

It  is  seen  that  the  absorption  of  water  by  the  leg,  and  the  skin 
filled  with  salt  solution,  continued  to  be.  the  same  for  one  hour,  during 
which  time  the  water  absorbed  was  probably  all  held  in  the  skin  itself. 
After  this,  however,  the  skin  filled  with  NaCl  solution  absorbed  water 
faster.  The  various  membranes  and  colloidal  ''gels"  in  the  frogs  leg 
retarded  the  inward  diffusion  of  the  water,  so  that  it  was  retained  in 
the  superficial  layers  and  so  diluted  the  fluids  as  to  reduce  the  osmotic 
pressure  and  retard  further  diffusion.  The  water  absorbed  into  the 
NaCl  solution  was  rapidly  distributed  by  convection  currents  and  free 
difiusion,  throughout  the  whole  solution,  and  the  osmotic  pressure  was 
but  slowly  lowered. 

Since  the  skin  of  the  frog  is  electrically  polarized  (being  negative 
on  the  outer  surface)  and  since  electric  polarization  has  been  claimed 
to  cause  polarized  or  one-sided  diffusion,  experiments  were  set  up  to 
compare  the  rate  of  osmosis  through  frogs  skin  in  opposite  directions. 

The  legs  of  a  wood  frog  were  skinned  and  one  of  the  skins  turned 
inside  out.  The  two  skins  were  filled  with  0,7%  NaCl  solution  and  im- 
mersed in  water.  If  there  was  any  difference  in  the  increase  in  weight 
of  the  two  skins  it  was  too  small  to  be  detected. 

In  a  second  experiment  a  piece  of  wood  frog's  skin  was  stretched 
tight  as  a  diaphragm  separating  water  from  0,7%  NaCl  solution  and  the 
rate  of  osmosis  determined.  Water  was  first  placed  on  the  "outside" 
and  0,7%  NaCl  on  the  "inside".  After  half  an  hour  water  was  placed 
on  the  "inside"  and  0.7%  NaCI  on  the  "outside"  and  the  osmosis 
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continued  another  half  hour.  Ko  difference  in  the  rate  of  osmosis  in 
the  two  directions  was  detected. 

That  electric  polarization  and  other  factors  that  are  dependent 
on  the  life  of  the  cells  in  the  skin  affect  diffusion  of  some  substances  I 
do  not  doubt,  but  nearly,  if  not  quite  95%  of  the  osmosis  of  water  in 
these  experiments  is  fully  accounted  for  by  the  osmotic  pressure  of  the 
fluids  in  and  between  the  cells  of  the  tissues. 

Contrary  to  Fischer,  the  effect  of  stoppage  of  the  circulation  is 
to  decrease  rather  than  increase  the  absorption  of  water.  Only  after  the 
tissue  has  long  been  dead  does  an  acidosis,  autolysis  or  increase  in 
permeability  increase  the  absorption  of  water. 

Summary. 

The  absorption  of  water  by  a  frog's  leg  in  which  the  circulation 
has  been  stopped  is  the  result  of  the  osmotic  pressure  of  the  fluids  in 
and  between  the  cells  of  the  tissues. 

Zusammenfassung. 

Die  Wasserabsorption  eines  Froschschenkels,  in  welchem  die  Zirku- 
lation  gehemmt  wurde,  ist  das  Resultat  des  osmotischen  Druckes  der 
Fliissigkeiten  in  und  zwischen  den  Gewebezellen. 

Postscript:  This  paper  was  read  Apr^  16,  1913:  Proc.  Soc,  Experimental 
Biology  and  Medicine,  X,  125.  Since  then  a  paper  by  S.  S.  Maxwell:  Amer. 
Joum.  Physiol,  XXXII,  286,  appeared,  on  the  same  subject  which  does  not, 
however,  disagree  with  my  conclusions.  I  found  the  freezing  point  of  the  bkxKl 
serum  of  the  leopard  frog  {Rana  pipiens)  lower  than  that  of  a  0,66%  NaCl 
«olution9  and  the  same  was  found  true  of  Bana  esculenta  by  Botazzl 


1 


r 


/M' 


On  the  Electric  Charge  of  the  Protoplasm  and 
other  Substances  in  Living  Cells 


J.  F.^McOendon 


-with  one  flgure  In  text 


aondersbdmck  ans:  >Iiiteniat  Zeitacfarift  fUr  ph7iik.-ohem.  Biologie.'  L  Bud,  3.  ii.4.  Heft 


Leipzig  und  BerliD 

Wilhelm  EngelmMiD 

1914 


/ 


.J 


On  the  Electric  Charge  of  the  Protoplasm  and  other 

Substances  in  Living  Cells. 

By 

J.  F.  McClendon, 

Univenity  of  lOnnesota,  Mixmeapolb,  U.S.A. 

(Contribution  from  the  Anatomical  Department  of  Cornell  University 

Medical  College.) 


With  1  figure  in  text. 
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A  number  of  investigators  have  observed  that  when  an  electric 
earrent  is  passed  through  a  suspension  of  animal  cells,  it  carries  them 
passively  toward  the  anode,  indicating  that  the  cells  are  charged  nega- 
tively. This  may  be  explained  by  the  hypothesis  that  the  plasma  mem- 
brane of  the  cell  is  permeable  only  to  kations,  so  that  after  the  loss  of 
some  kations  by  diffusion,  the  excess  of  contained  anions  gives  the  cell  a 
negative  charge.  Another  hypothesis  is  that  all  of  the  protoplasm  is 
charged  negatively. 

Electric  currents  were  passed  through  animal  and  plant  cells,  and 
many  substances  of  or  in  the  protoplasm  migrated  toward  the  anode, 
showing  that  they  were  charged  negatively.  It  appeared,  also,  that 
the  denser  substances,  such  as  chromatin  granides,  yolk  platelets  and 
mitotic  figures  migrated  faster  than  the  other  substances.  Though 
this  tended  toward  the  belief  that  all  of  the  cell  contents,  except  water, 
are  charged  negatively,  the  slowness  with  which  hyaline  parts  of  the 
protoplasm  of  some  cells  migrated  prevented  a  determination  of  their 
electric  charge.  The  object  of  the  present  paper  is  to  speculate  on  the 
cause  of  this  negativity  of  protoplasm. 

It  is  generally  recognized  that  proteids,  such  as  egg  albumin,  are 
anodic  (or  negative)  in  alkaline  solution  and  kathodic  (or  positive) 
in  acid  solution,  because  they  are  amphoteric  electrolytes  and  dissociate 
according  to  the  formula: 

NaR  «  Na+  +  R""  (Alkali  albuminate) 
and  Ra  »  R+  +  CT  (Acid  albumin). 
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We  might  postulate  that  the  interior  of  the  cell  is  alkaline  and  that  the 
superficial  protoplasm  dissociates  positive  ions,  such  as  Na"*",  into  the 
surrounding  medium,  thus  making  the  cell  negative,  or  that  it  absorbs 
0H~  ions. 

It  has  been  commonly  supposed  that  the  reaction  of  the  cells  of 
the  body  is  maintained  constant  by  osmotic  interchange  with  the  blood, 
and  the  blood  was  formerly  considered  alkaline.  But  the  blood  has 
been  shown  to  be  neutral,  and  many  ceUs  appear  to  be  impermeable  to 
many  substances  that  might  affect  their  reaction.  Furthermore,  there 
seems  to  be  no  direct  method  of  testing  the  reaction  of  the  cell  interior 
unless  we  rely  on  indicators.  Those  indicators  taken  up  by  Uving  cells, 
as  neutral  red,  are  immediately  bound  up  in  some  manner  with  colloids, 
and  it  seems  unwise  to  regard  them  as  infallible. 


NaCI 


Fig.  A. 

One  of  the  two  electrodes  used  in  passing  the  116  volt  direct  current  through  cells  placed  bet- 
ween slide  and  cover  glass,  under  Uie  microscope.  The  non-polariiable  eleotrode  is  connected 
with  a  glass  tube  filled  with  Na  Ci  solution  (usually  about  1  %)  a  plug  of  ootton  retards  diffu- 
sion between  CuSO*  solution  and  NaCl.  Another  plug  of  cotton  doees  the  end  of  the  tube  and 
is  pulled  out  to  a  point  to  communicate  with  the  preparation  under  the  microscope.  By  opening 
the  two  stops  cocks  any  CuSO*  which  has  diffused  into  the  tube  may  be  washed  out,  by  a 
flow  of  solution  toward  the  tieetrode.    The  amount  of  current  may  be  changed  by  the  conoen- 

tration  of  salt  in  the  solution. 

If  protoplasm  is  negative,  because  it  is  saturated  with  an  alkaline 
solution,  the  supposition  would  easily  follow  that  treatment  with  acid 
would  make  it  positive,  just  as  egg  albumin  is  made  positive.  To  test 
this  I  found  plant  cells  that  are  permeable  to  acid  while  yet  alive.  But 
these  cells  are  easily  injured  by  the  electric  current,  and  the  presence 
of  the  acid  seemed  to  make  them  more  sensitive  to  the  electric  current, 
so  that  they  died  before  any  appreciable  amoimt  of  protoplasm  had 
been  displaced. 
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Although  these  experiments  have  failed  in  regard  to  observations 
on  the  living  "protoplasm",  interesting  results  were  obtained  on  the 
electric  convection  of  substances  in  the  vacuoles  of  living  plant  cells. 
The  vacuoles  of  some  plant  cells  contain  a  colored  substance,  anthocyan 
in  (colloidal?)  solution. 

Although  very  little  chemical  significance  is  attached  to  this  term, 
anthocyan  is  an  acid-alkali  indicator.  It  has  been  suggested  that  in 
some  cells,  such  as  those  of  the  nectar  glands  of  Yicia  faba,  the  antho- 
cyan changes  from  blue  to  red  and  vice  versa  during  the  fimctional 
activity  of  the  cell.  These  cells  and  also  those  of  red  beet  and  red 
cabbage  are  permeable  to  acids  and  alkalis,  as  indicated  by  the  change 
in  the  color  of  the  anthocyan.  In  cells  of  the  red  cabbage  the  antho- 
cyan is  normally  colored  red  and  is  kathodic,  but  if  ammonia  is  added 
it  becomes  blue-green  and  is  anodic.  This  experiment  is  a  very  tedious 
one  because  the  cells  are  easily  injured  by  the  current.  Notwithstanding 
this  disadvantage,  I  succeeded  in  1910  in  observing  the  movement  of 
red  anthocyan  toward  the  kathode  and  blue-green  anthocyan  toward 
the  anode  in  cells,  before  any  signs  of  death  or  injury  occurred.  These 
experiments  have  recently  been  repeated  many  times  to  exclude  any 
possibility  of  error.  We  may  conclude,  therefore,  that  the  anthocyan  is 
an  amphoteric  electrolyte  and  that  its  red  color  and  kathodic  migration 
in  any  cell  denotes  acidity  of  the  cell  sap  in  which  it  is  dissolved. 

If  the  protoplasm  behaves  as  the  anthocyan,  many  plant  ceUs  are 
probably  acid  and  kathodic,  since  the  anthocyan  is  red.  The  proto- 
plasm of  cells  in  growing  root  tips  appears  to  be  anodic.  The  proto- 
plasm of  old  cells  forms  a  thin  layer  that  sticks  tightly  against  the  cell 
wall  and  cannot  easily  be  dislodged  by  the  electric  current.  This  cell 
wall  also  interferes  with  the  interpretation  of  results  on  the  electric 
convection  of  the  whole  cell,  since  the  whole  cell  would  have  the  charge 
of  the  superficial  layer,  in  this  case,  a  cellulose  cell  wall.  Thornton^ 
observed  that  plant  cells  differed  from  animal  cells  in  being  usually 
kathodic.  Some  of  these  cells  were  motile  and  might  have  shown 
galvanotropism,  but  others  were  not.  Even  non-motile  naked  cells 
might  be  kathodic  on  account  of  adsorption  of  positive  ions.  Hober' 
observed  that  the  addition  of  small  amounts  of  H  "*",  Ag  "*",  Cu  "*""*",  or  Fe  "*""*""*■ , 
made  erythrocytes  and  yeast  kathodic,  and  very  probably  the  heavy 
metals  were  adsorbed.    Hober  concludes'  that  CO2  makes  erythro- 

1  Thobntoh,  Proc.  Royal  Soc.,  B.,  VoL  82,  p.  638,  1910. 
s  Physikaliflche  Chemie  der  Zelle  un  Gewebe,  S.  388,  1911. 
s  Ibid.  p.  495. 
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cytes  kathodic  by  increasing  their  permeability  to  anions  since  they 
become  kathodic,  only  in  an^anion-poor  solution  (2%  NaCl)  and  not 
in  an  anion-rich  solution  (8%  NaCl).  All  of  these  observations  show 
that  in  such  cases  we  should  not  consider  the  electric  convection  of  the 
whole  cell  as  indicating  the  electric  charge  of  the  whole  protoplasm,  but 
only  of  the  superficial  layer  of  the  cell  or  cell  wall. 

Summary; 

The  anthocyan  in  the  vacuoles  of  living  cells  of  red  cabbage  is 
red  and  is  kathodic  (electrically  positive),  if  alkali  be  added  to  the 
medium  the  anthocyan  becomes  blue  and  anodic  (electrically  negative) 
before  the  death  of  the  cell.  Therefore,  the  anthocyan  seems  to  be  an 
amphoteric  electrolyte  like  egg  albumin. 

It  seems  possible  that  the  reason  that  protoplasm  is  anodic  is  be- 
cause it  is  alkaline,  but  this  is  not  demonstrated. 

Zusammenfassung. 

Das  Anthocyan  in  den  Yakuolen  der  lebenden  Zellen  von  Botkraut 
ist  rot  und  ist  kathodisch  (elektrisch  positiv);  wenn  man  Alkali  zu  dem 
Medium  fiigt,  wird  das  Anthocyan  vor  dem  Tode  der  Zellen  blau  und 
anodisch  (elektrisch  negativ).  Daher  scheint  das  Anthocyan  eia  am- 
photerer  Elektrolyt,  wie  EiereiweiB,  zu  sein. 

Es  scheint  moglich,  daB  der  Grund,  weshalb  Frotoplasma  anodisch 
ist,  darin  liegt,  daS  es  alkalisch  ist,  aber  das  ist  nicht  bewiesen  worden. 
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Many  investigators  have  observed  the  formation  of  a  sharp  line 
around  the  echinoderm  egg  shortly  after  fertilization.  This  line  ia 
usually  supposed  to  be  the  optical  section  of  a  membrane,  the  so-called 
"fertilization  membrane".  Some  observers,  notably  Hakvey^  suppose 
the  membrane  to  be  present  before  fertilization,  but  to  be  so  closely 
applied  to  the  egg  as  to  be  almost  invisible,  and  after  fertilization  to 
be  raised  from  the  surface  of  the  egg  by  the  accumulation  of  a  perivi- 
telline  substance  between  the  membrane  and  the  egg.  Loeb  supposed 
this  perivitelline  substance  to  contain  a  colloid  which  absorbs  water 
and  swells,  this  pushing  out  the  fertilization  membrane.  He  describes 
the  perivitelHne  substance  as  exuding  from  the  egg  in  droplets,  so  that 
one  might  consider  it  a  colloidal  solution.  However,  it  seems  to  be  a 
"gel"  since  it  assumes  a  striated  appearance,  when  put  under  tension; 
and  the  egg  does  not  sink  or  rise  in  it  but  maintains  a  fixed  position, 
as  I  have  determined  by  observing  the  egg  horizontally  in  a  specially 
constructed  chamber. 

Kite  •  attempted  to  disprove  the  existence  of  a  fertilization  mem- 
brane. According  to  his  observations,  the  unfertilized  egg  is  surrounded 
by  a  hyaline  layer  which  he  calls  the  vitelhne  membrane.  He  claims 
that  fertilization  results  in  a  swelling  or  increase  in  thickness  of  this 
vitelline  membrane,  and  that  what  appears  to   be  the  fertilization 


1  Jour.  Exper.  ZooL,  VIII,  p.  365,  1910. 
•  Science,  n.  s.  36,  p.  662,  1912. 
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membiaoe  is  leally  the  outer  surface  of  a  thick  membiane,  the  swollen 
vitelline  membrane.  It  appears  to  me  that  Kite  is  merely  applying 
new  terms  to  Htmcturee  which  were  considered  by  previous  observers, 
unless  he  can  show  that  the  swollen  vitelline  membrane  is  homogeneons. 
If  the  outer  surface  film  of  this  swollen  vitelline  membiane  is  more 
rigid  than  its  interior,  then  it  represents  a  distinct  stractuie  and  we  are 
justified  in  applying  the  term  fertilization  membrane  to  it.  The  follo- 
wing evidence  seems  to  show  that  the  fertilization  membiane  is  really 
a  structure. 

I.  In  normal  development,  the  fertilization  membrane  does  not 
sink  into  the  cleavage  furrows  as  the  hyaline  plasma  layer  and  peri- 
vitelline  substance  does  (Aibacia). 


Fig.  1. 
„Uacbuklokl  land"  med  to  bold  *  glua  nesdls  oi  pIpetM  In  flna  wotk  DDderHiB  mlcToacope  [flnrt 
dgwilbed  by  McClendon;  BloloBlMl  BdIIbUd,  XH,  p- 1*1.  IVOT).  Hie  eUh  necdlo  ihows  two 
bcndi  but  ataiUj  >  glAM  nid  held  hoiliontBllT  uid  with  tbs  tip  dnwD  wtlixllT  to  ■  poiot 
iru  uud.  The  ags  yna  In  >  vflrf  tUn  buigtng  drop  In  i  dunp  dambcF.  Hie  kpiiMata*  buj 
be  clumped  on  dUin  ^e  of  the  mlcroacope  et*Ea,  pratatbl;  on  tlw  right,  a  two  nay  be  nvd 
■Imnltaneoiulr.    Uade  b;  Spencer  Lena  Co.,  Bnlhlo,  N.T. 

2.  Cilia  develop  before  the  disappearance  o£  the  fertilization  mem- 
brane and  beat  actively  in  the  space  beneath  the  feitilization  mem- 
brane (Arbacia  and  Asterias). 

3.  I  have  manipulated  the  fertilization  membrane  of  the  Arbacia 
egg  with  glass  needles  and  punctured  it  and  removed  it  from  the  egg 
and  it  appears  to  offer  more  resistance  than  the  peiiviteUine  substance 
to  the  needle  (see  fig.  1),    The  egg  may  be  forced  out  of  the  fertilisation 
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membrane  by  means  of  the  electric  current^  and  the  membrane  remains 
spherical  and  of  large  size  as  though  it  had  considerable  rigidity^. 

It  seems  clear  that  the  old  view  of  the  existence  of  a  fertilization 
membrane  is  pretty  near  the  truth,  and  we  will  now  consider  its  mode 
of  origin. 

The  egg  of  the  sea  urchin,  starfish  and  perhaps  other  echinoderms» 
as  it  comes  from  the  ovary  is  surrounded  by  a  hyaline,  radially  striated 
layer  which  swells  in  sea  water  so  that  the  striations  disappear,  and  it 
becomes  invisible.  Kite  calls  this  the  egg  jelly,  but  it  had  received 
many  names  previously,  i.  e.  chorion,  zona  pellucida,  jelly,  mucus  etc. 
It  seems  to  have  the  physical  properties  and  solubilities  of  mucus.  There 
are  a  number  of  mucins,  and  the  one  derived  from  frog's  egg  jelly  differs 
chemically  from  any  known  mucin  from  mammals.  We  will  use  the 
word  mucus  (without  attaching  any  chemical  significance  to  it)  rather 
than  jelly,  since  the  perivitelline  substance  seems  also  to  be  a  jelly. 

The  egg  of  Toxopneustes  variegatus,  from  which  the  mucus  has 
been  removed,  does  not  show  a  fertiUzation  membrane,  although  it 
segments  after  fertilization 3.  In  an  electric  current  the  mucus  and  egg 
move  toward  the  anode  and  the  perivitelUne  jeUy  toward  the  cathode. 
This  observation  has  been  confirmed  last  summer,  and  shows  that 
the  mucus  is  charged  negatively  and  the  perivitelline  colloid  positively. 
Since  oppositely  charged  coUoids  precipitate  one  another,  I  advanced 
the  hypothesis  in  1911  that  the  fertilization  membrane  is  a  precipitation 
at  the  contact  of  the  mucus  with  the  perivitelline  colloid,  and  for  that 
reason  removal  of  the  mucus  prevents  the  formation  of  the  membrane*. 

The  mucus  may  be  removed  from  Toxopneustes  eggs  by  washing 
for  an  hour  or  so  in  large  quantities  of  the  sea  water  near  Key 
West,  Florida  (which  is  hyperalkalin^  as  compared  with  Woods  Hole 
sea  water).  The  mucus  is  more  difficult  to  remove  from  Arbacia  eggs  at 
Woods  Hole,  but  I  have  succeeded  in  doing  so  by  each  of  the  following 
methods. 

1.  Rapid  centrifuging  in  haematokrit  tubes  two  or  three  times,  the 
whole  operation  taking  but  a  few  minutes.  The  eggs  are  suspended  in 
fresh  sea  water  each  time  and  the  centrifuge  started  with  a  sudden  jerk. 


1  McClskdok,  Amer.  Jour.  Physiol.,  XXVII,  p.  263,  1910. 

*  For  apparatus  see  McClendox,  On  the  Electric  Charge  of  Protoplasm  and 
Other  SubatanceB  in  Living  Cells,  this  heft,  fig.  A. 

»  McClbndon,  Amer.  Jour.  Physiol,  XXVII,  p.  240,  1910. 

*  McClkkdon,  Science,  XXXIII,  p.  387,  1912. 
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2.  Washing  not  more  than  twenty-four  hours  in  large  quantities  of 
sea  water  in  rotating  flask  filled  and  closed  so  as  to  exclude  air  bubbles, 
since  the  latter  injure  the  eggs. 

3.  Washing  less  than  2  ccm  of  eggs  in  10  litres  of  sea  water  agitated 
with  an  automatic  glass  stirring  rod  not  more  than  twenty-four  hours. 
Controls  showed  that  mere  standing  in  sea  water  during  the  time  re- 
quired for  these  operations  did  not  remove  the  mucus  or  prevent  the 
appearance  of  a  fertilization  membrane. 

The  presence  or  absence  of  the  mucus  was  determined  in  each  case 
by  at  least  two  of  the  following  methods: 

First,  observing  the  eggs  in  a  single  layer  in  Chinese  or  India  ink 
suspension  in  sea  water. 

Second,  staining  the  mucus  with  neutral  red,  mythylene  blue  or 
toluidin  blue.  Continuous  observation  is  necessary  since  the  dye  first 
stains  the  outer  surface  of  the  mucus,  but  finaUy  stains  all  of  it  and 
causes  it  to  contract  so  close  to  the  egg  as  to  be  indistinguishable  from 
the  egg. 

Third,  the  massing  of  spermatozoa  which  become  entangled  in  the 
mucus  ^. 

In  every  case  in  which  the  mucus  was  completely  removed  before 
fertilization,  no  fertilization  membrane  could  be  observed  after  sperm 
were  added,  nevertheless  the  eggs  segmented.  The  same  results  were 
obtained  by  Elder*  on  a  California  sea  urchin,  so  we  now  have  uniform 
results  on  sea  urchins  in  Florida,  Woods  Hole  and  California. 

It  might  be  objected  that  the  eggs  were  injured  by  removal  of  the 
mucus  and  this  injury  prevented  the  formation  of  fertilization  mem- 
branes. Such  an  objection  cannot  be  answered  directly,  but  Elder 
and  I  used  several  methods  for  removing  the  mucus  and  the  eggs  were 
not  injured  so  as  to  prevent  segmentation. 

If  my  hypothesis  of  the  formation  of  the  fertilization  membrane  is 
correct,  neither  the  fertilization  membrane  nor  the  perivitelline  sub- 
stance should  be  found  on  the  surface  of  the  unfertilized  egg.  • 

I  failed  to  find  a  membrane  on  the  surface  of  the  unfertilized  egg 
that  resisted  puncture  by  a  glass  needle  so  much  as  the  fertilization 


1  Elder  in  the  paper  cited  below  claims  that  the  mucus  attracts  the  sperma- 
tazoa  but  apparently  it  merely  mechanically  entangles  them  as  stated  by  F.  T.rrj.ng- 
I  removed  the  mucus  from  Arbacia  eggs  and  washed  them  repeatedly  for  ten  days. 
During  aU  this  time  they  gaye  out  a  sperm  attracting  substance  which  may  be 
merely  CO^,  since  COg  attracts  them. 

«  Arch.  f.  Entw.-Mech,  XXXV,  p.  195,  1913. 
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membrane  did.  I  have  frequently  observed  fk  spermatozoan  wriggle 
through  the  mucus  imtil  its  head  touched  the  fertilization  membrane, 
when  its  progress  was  stopped,  although  its  tail  continued  to  vibrate 
as  vigorously  as  before.  Previous  observers  have  found  that  unfertilized 
eggs  are  more  easily  broken  up  than  eggs  with  membranes  by  shaking 
with  powdered  glass  or  sand. 

These  observations  show  that  the  characteristically  tough  fertili- 
zation membrane  does  not  surround  the  unfertilized  egg. 

The  process  of  "membrane  formation"  was  observed  in  eggs  of 
Arbacia  and  Asterias  with  Zeiss  2  mm,  homogen.  imm.  apochromat. 
obj.  and  compens.  oc.  12  and  lowers  powers  by  dayhght;  also  with  a 
high  power  dry  lens  with  the  ultramicroscope.  It  was  found  that 
certain  appearances  might  be  due  to  the  curvature  of  the  surface  of  the 
egg.  An  air  bubble  the  same  size  as  the  egg  appears  to  be  bounded  by 
a  sharp  circular  line,  but  both  outside  and  inside  this  circle  are  a  series 
of  concentric  circular  lines  which  grow  fainter  in  proportion  to  their 
distance  from  the  sharp  Une.  Let  us  call  them  pseudo-lines:  The  sur- 
face of  the  unfertilized  egg  has  a  border  zone  free  from  granules  and 
boimded  externally  by  a  sharp  line.  Outside  this  sharp  line  appears 
a  series  of  pseudo-lines  the  same  distance  apart,  as  the  pseudo-lines 
around  the  air  bubble.  The  greatest  number  I  have  seen  by  direct 
dayUght  is  three,  but  with  the  ultramicroscope  five  are  very  distinct. 
The  fact  that  they  are  variable  in  number  strengthens  the  view  that 
they  are  false  visual  impressions.  But  why  do  we  not  see  pseudo-hnes 
inside  the  sharp  line?  The  answer  seems  clear.  The  line  of  separation 
of  the  hyahne  border  zone  and  granular  interior  is  in  the  position  that 
should  be  occupied  by  the  first  pseudo-Une  and  is  probably  intensified 
by  it,  and  the  other  pseudo-linfls  are  obscured  by  the  granular  cytoplasm. 

In  observing  fertilized  eggs  by  all  the  above  methods  the  fertiliza- 
tion membrane  at  some  foci  looks  like  the  surface  of  the  air  bubble 
described  above,  but  at  a  certain  focus  (which  I  think  is  the  true  focus, 
the  others  being  out  of  focus)  the  sharp  line  appears  double,  the  two 
sharp  lines  apparently  forming  the  inner  and  outer  boundaries  of  the 
membrane.  I  have  repeatedly  observed  eggs  just  after  fertilization 
when  the  membrane  was  separated  only  over  a  small  part  of  the  surface, 
and  attempted  to  trace  the  two  sharp  lines  of  the  membrane  into  their 
relation  with  the  egg  surface  over  which  no  membrane  had  yet  appeared. 
One  might  in  this  way  hope  to  see  whether  the  membrane  arises  from 
the  egg  cortex  or  from  the  mucus,  or  from  both.  The  pseudo-lines 
seen  with  high  powers  and  the  obvious  difficulties  with  low  powers 
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prevent  a  positive  answer  to  tliis  question,  but  it  seems  clear  that  the 
whole  granule  free  cortex  of  the  egg  is  not  lifted  off  to  form  the  ferti- 
lization membrane,  for  immediately  after  the  fertilization  membrane 
appears  the  granule-free  cortex  is  as  thick  as  before.  The  granule-free 
zone  appears  to  thicken  later  to  form  the  hyaline  plasma  layer. 

J.  LoEB  supposes  the  perivitelline  colloids  to  be  set  free  at  the  sur^ 
face  of  the  egg  after  fertilization,  i.  e.  not  to  form  the  most  superficial 
layer  of  the  egg  before  fertilization.  Such  a  view  seems  necessary  if 
my  hypothesis  is  correct,  but  such  a  process  has  not  been  demonstrated 
to  every  one's  satisfaction,  and  my  hypothesis  remains  a  hypothesb. 

Summary. 

If  the  mucus  layer  (jelly,  chorion,  zona  pellucida)  is  removed  from 
the  sea  urchin's  egg  before  fertilization,  no  fertilization  membrane  ap- 
pears, although  the  egg  segments.  No  menibrane  of  the  toughness  that 
characterizes  the  fully  developed  fertilization  membrane  exists  on  the 
surface  of  the  unfertilized  egg. 


Zusammenfassung. 

Wenn  die  Schleimschicht  (Gallerte,  Chorion,  Zona  pellucida)  vor 
der  Befruchtimg  von  dem  Seeigelei  entfemt  wird,  zeigt  sich  keine  Be- 
fruchtimgsmembran,  obgleich  sich  das  Ei  teilt.  Es  besteht  keine  Mem- 
bran  von  der  Zahigkeit,  die  die  voll  entwickelte  Befruchtungsmembran 
charakterisiert,  an  der  Oberflache  des  nicht-befruchteten  Eies. 
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The  morphology  of  abnormal  embryos  of  the  marine  teletetl 
Fundulue  heteroglitus,  has  been  studied  by  Stockabd'.  My  work 
been  merely  an  attempt  to  find  the  cause  of  the  abnormaUdes  in 
eggs,  and  several  prema 
papers  have  already  ' 
pablished*. 

The  present  paper  > 
mainly  with  Fundvltu, 
theconclusionsaresupp 
by  work  on  the  eggs  < 
vertebrates  and  other  ^ 
brates. 

The  abaormal  dei 
ment  of  the  eggs  of  Fia 
may  produce  an  indf 
number  of  different  1 
Some  of  the  most  st 
abnonnalities  of  the  c 
seen  in  the  living  ei 
approach  the  foil 
types:  one  eye  may  be  absent  (monophthalnua  asynimetrica,  1 
The   two  eyes  may  be   represented   by  one   median  eye   (cy< 


Fig.  1. 


I  Stookakd,  Jour.  Ezper.  ZooL,  III,  p.  99,  1906,  and  IV,  p.  166,  VK 
VI,  p.  236, 1909;  Amer.  Join.  Amt,  X,  p.  369,  lOKX 

»  McClbndon.  Soc.  Exp.  Biol,  and  Med,  VII,  p.  38,  1910;  Antet 
PhysioL,  XXIX,  p.  289,  1912;  ibid.  XXXI,  p.  131.  1912. 
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fig.  2),  Tarioos  cavities,  sucli  aa  the  segmentation  cavity,  pericaTcUum 
and  ear  vesicles  may  be  distended  (figs.  2  and  3).  The  heart  may  be 
mdimentary  (fig.  3).  The  blood  vessels  may  be  rudimentary  or  appa- 
rently absent  (fig.  3).  The  circulation  of  the  blood  may  be  absent.  The 
heart  may  not  beat.  There  are  other  abnormalities  which  I  have  omit- 
ted, but  a  large  percentage  of  abnormal  Fundtdus  embryos  show  one  or 
more  of  the  above  abnormalities  or  transitions  between  those  types 
and  ^e  normal. 


Fig.  2. 


Fig.  3. 


Last  season  I  produced  all  of  the  above  types  of  abnormalities 
in  Fundulut  embryos  by  treating  them  in  early  segmentation  stages 
with  pure  solutions  of  any  one  of  the  following  substances:  Nicotine 
or  the  chlorides  or  nitrates  of  sodium,  potassium,  lithium,  calcium  or 
magnesium.  Sea  water  solutions  of  these  substances  produced  the 
«ame  results.  I  thought  this  similarity  of  action  of  such  widely  diffe- 
rent substances  might  be  due  to  their  action  in  increasing  the  perme- 
Abihty  of  the  eggs  to  an  abnormal  degree. 

It  was  found  that  the  fertilised  eggs  of  the  smelt  or  of  Fundviua 
heterodittis,  in  distilled  water,  do  not  give  up  salts  to  the  water.  This 
is  also  true  of  these  eggs  when  placed  in  salt  solutions  in  which  the 
kations  are  *balanced4.  Thus,  in  an  artificial  sea  water  made  of  the 
nitrates  of  sodium,  potassium,  magnesium  and  calcium,  no  chlorides 
diffuse  out  of  the  eggs. 


30  J.  F.  McOleiidon, 

When  the  eggs  were  placed  in  pure  solutions  of  nicotine  oi  of 
of  sodium,  potassium,  calcium,  oi  magnesium,  salts  diffused  out  of 
the  eggs  and  were  detected.  The  detection  of  some  salts  or  ions  was 
attended  with  difficulties,  as  given  in  the  section  on  technique,  and  it 
is  obvious  that  if  sodium  chloride,  for  instance,  diffused  out  of  the 
eggs  into  a  pure  solution  of  sodium  chloride,  the  most  deUcate  qnanti- 
tative  methods  might  not  suffice  for  its  detection. 

Absolutely  trustworthy  results  were  obtained  on  the  diffusion  of 
chlorine  and  magnesium  ions,  especially  in  the  case  of  Fundulus  eggs, 
the  experiments  with  smelt-  eggs  being  less  numerous.  The  results  on 
the  diffusion  of  sodium^  potassium  and  calcium  are  based  on  isolated 
experiments  (i.  e.,  not  repeated).  The  following  table  demonstrates 
the  increase  in  permeabihty  of  Fundulus  eggs. 


Pure  solution  in  which  egg* 

Ions  which  diffused  out  of 

were  placed 

eggs  and  were  detected 

Nicotine 

CI,  Mg,  Ca,  Na,  K 

NaCl 

Mg,  Ca,         K 

NaNOs 

ca,  Mg,  Ca,         K 

KCl 

Mg,  Ca,  Na 

KNO« 

CI,  Mg,  Ca,  Na 

Mg(NO,!s 

CI,                Na,  K 

Ca(N08)2 

CI,                Na,  K 

Though  a  number  of  different  concentrations  of  these  solutions 
were  found  to  be  effective,  they  will  not  all  be  given,  as  this  phase  of 
the  subject  was  not  completely  worked  out.  Let  it  suffice  for  the 
present  to  say  that  the  following  concentrations  in  distilled  water  weie 
effective  on  Fundulus  eggs: 

Ka  or  KKOs 2  molecular 

NaCl  or  NaNOs 3 

Mg(N08)2 3 

Ca(N08)2 16 

Nicotine 002    *> 

Each  of  these  solutions,  when  applied  in  early  segmentation  stages, 
caused  all  of  the  types  of  monstrosities  listed  above.    AU  concentra- 
tions of  these  solutions  which  caused  these  monstrosities,  increased 
the  permeability  of  the  eggs.     Furthermore,  the  permeability  of  the 
eggs  was  slightly  increased  by  certain  solutions  too  weak  or  acting  for 
too  short  a  time  to  produce  monstrosities.    Therefore,  the  increase  in 
permeability  is  the  cause  or  is  associated  with  the  cause  of  the  mon* 
strosities  and  is  not  merely  an  effect,  i.  e.,  one  of  the  characteristics  oi 
monstrous  embryos. 
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The  increase  in  permeability  probably  occurs  in  the  hypothetical 
"plasma  membrane",  as  the  shell  or  chorion  is  permeable  to  salt^s  and 
water,  though  not  freely  permeable  to  sugar. 

Possibly  the  permeabiUty  of  certain  cells  or  parts  of  the  egg  is 
increased  allowing  abnormal  diffusion  of  some  substance  such  as  oxygen, 
CO2,  sugar  or  amino  acid.  Or  the  free  diffusion  of  ions  may  abolish 
the  electric  polarization  shown  by  Hyde^  and  increase  the  surface 
tension. 

Material  and  Methods. 

There  are  many  sources  of  error  in  the  electrolytic,  plasmolytio 
and  microchemical  methods  for  determining  permeability  and  I  decided 
to  use  chemical  methods.  Failing  to  find  chemical  methods  that  could 
be  applied  to  the  eggs  of  invertebrates  I  chose  the  eggs  of  the  smelt 
and  of  Fundtdus  heteroditus. 


\  / 

Fig.  4.    Qaartz  still. 


dear  npiiiv  water,  distUled  in  a  tin  lined  still,  is  placed  in  the  stock  bottle  to  the  left,  and 
from  this  it  syphons  over  into  the  beaker.  A  small  flame  under  the  beaker  boils  out  COa  and 
aome  other  gaseous  impurities.  The  water  syphons  over  from  the  beaker  into  the  kjeldah]  flask. 
A  bnlb  is  blown  on  this  syphon  to  clone  the  mouth  of  the  flask.  A  hole  Is  blown  in  the  neck 
of  the  kjeldahl  flask  and  reamed  out  while  soft  to  admit  the  end  of  the  quarts  condensing 
tabe.    Only  water  that  condenses  in  the  quartz  tube  can  drip  into  the  quartz  flask  at  the  right. 


The  eggs  of  the  smelt  will  develop  normally  in  redistilled  water 
and  in  sea  water  diluted  to  about  4  times  its  original  volume. 

The  eggs  of  Fundvlus  will  develop  in  redistilled  water,  sea  water 
or  even  in  sea  water  concentrated  to  Va  ^^  original  volume. 


1  Am.  Jour.  PhysioL,  XII,  p,  241,  1004. 
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The  eggs  of  both  species  appear  to  be  impenneable  to  water 
to  salts.  When  placed  in  redistilled  water  salts  do  not  diffuse  out  of 
them  unless  the  permeability  has  been  artificially  increased.  It  might 
be  supposed  that  the  salts  were  held  in  chemical  combination  or  in 
indiffusible  form  in  the  eggs,  and  this  is  probably  true  of  some  phos- 
phates, for  instance,  but  omitting  phosphates  and  carbonates  of  alkaline 
earth  metals,  the  egg  of  Fundtdtu  heterodittu  contains  as  high  a  percent 
of  soluble  ash  (3,18)  as  the  local  sea  water  (2,84 — 3,29).  Furthermore 
HoBER  has  brought  forward  much  evidence  to  show  that  at  least  a 
part  of  the  salts  in  living  cells  is  in  a  freely  diffusible  form  and  therefore 
their  retention  by  the  cell  may  indicate  impermeability. 

Ordinary  distilled  water  was  found  to  be  sUghtly  toxic  to  the  eggs, 
and  therefore  all  of  the  water  used  in  the  experiments  was  redistilled 
in  quartz  in  the  still  shown  in  fig.  4. 

The  general  method  is  best  explained  by  describing  one  experiment. 
Fifty  cc.  of  smelt  eggs  taken  as  soon  as  possible  after  fertilization  were 
washed  in  repeated  changes  of  redistilled  water  and  the  time  when 
silver  nitrate  no  longer  gave  an  opalescence  to  the  washings  noted. 
The  washing  was  then  continued  about  2  hours  longer.  The  mass  of 
eggs  was  then  divided  into  2  equal  parts  (a  and  b)  and  treated  separately 
as  follows: 


a  (control) 


25  cc.  eggs  placed  in  600  cc  redistilled 
water  in  quartz  vessels  for  30  minutes. 

400  cc.  water  poured  from  eggs  and 
evaporated  in  quartz  to  50  cc.  and 
.6  gram  NaNOs  added. 

1  cc.  N/10  AgNOa  added,  solution  re- 
mains clear. 

Eggs  kept  in  redistilled  water  and  de- 
velopment watched. 


25  cc.  eggs  placed  in  500  cc.  redistilled 
water  plus  .6  gram  NaNOa  in  quarts 
vessels  for  30  minutes. 

400  CO.  solution  poured  from  eggs  and 
evaporated  in  quartz  to  50  cc. 

1  cc  N/10  AgNOa  added,  forming  dense 
white  cloud,  due  to  chlorides  that  bsd 
diffused  out  of  eggs. 

Eggs  kept  in  the  remaining  100  cc 
NaNOs  solution  and  at  intervals  of 
time  some  are  transferred  to  redistilled 
water  and  development  watched. 


A  separate  experiment  was  made  for  the  detection  of  each  ion. 

The  quantities  of  Fundulus  eggs  were  necessarily  less  (usually 
about  10  cc).  This  disadvantage  was  partly  compensated  by  exposing 
them  for  a  longer  time,  but  owing  to  the  disadvantages  of  exposing 
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them  for  a  very  much  longer  time,  the  operation  was  done  on  a  smaller 
scale,  each  solution  being  concentrated  in  a  platinum  crucible  to  2  cc. 
or  less  before  analysis. 

In  the  event  that  some  eggs  died  or  bacteria  attacked  their  surfaces 
or  membranes,  the  experiment  was  thrown  out.  Even  if  bacterial 
action  was  too  slight  to  give  opalescence  to  the  solution,  haptogen 
membranes  or  coagula  were  noted  on  boiUng  down  the  solution  and  it 
was  thrown  out.  The  presence  of  a  trace  of  reducing  substance  was  not 
considered  sufficient  to  vitiate  the  results,  since  such  titrations  as  with 
silver  nitrate  were  done  quickly,  and,  even  though  allowed  to  stand  a 
reduction  would  be  detected  by  a  change  of  color.  Furthermore,  all 
precipitates  were  examined  under  the  microscope  and  the  form  of  the 
crystals  studied. 

Most  reliance  was  placed  on  precipitation  methods,  but  these  will 
not  be  discussed  here  as  it  is  hoped  to  work  them  out  to  a  fine  point 
quantitatively  in  the  future. 

In  addition  to  these  precipitation  methods  a  prism  spectroscope 
was  used.  A  grating  spectroscope  was  found  too  dim  for  such  small 
quantities  of  substance.  In  observing  the  spectrum  of  magnesium, 
high  potential  electric  sparks  were  allowed  to  pass  from  the  surface  of 
the  solution  to  a  platinimi  electrode.  In  locking  for  other  elements 
a  platinum  loop  with  or  without  a  bit  of  asbestos  wool  was  dipped  in 
the  concentrate  solution  and  held  in  the  flame  observed  with  the  spectro- 
scope. The  asbestos  wool,  after  being  thoroughly  cleaned  could  be 
used  only  once.  The  platinum  loop  was  dipped  into  pure  hydrochloric 
acid  and  heated  to  a  white  heat  and  this  process  repeated  about  seven 
times,  or  until  it  gave  no  sodium  or  other  lines  to  the  flame.  Traces 
of  sodium  were  always  present  in  the  air.  Although  the  Bunsen  burner 
was  washed  in  many  changes  of  distilled  water  and  dried,  and  the  gas 
was  filtered  through  packed  cotton  wool,  minute  flashes  of  sodium  light 
appeared  in  the  flame  and  were  caused  by  sodium  in  the  air  drawn 
into  the  Bunsen  burner. 

The  chemical  reagents  were  the  purest  that  could  be  obtained  and 
^weie  tested  immediately  before  being  used.  Minute  traces  of  impurities 
could  not  lead  to  erroneous  conclusions  owing  to  the  character  of  the 
control,  but  they  might,  and  in  some  cases  did  lead  to  the  negative 
results,  and  lead  me  to  discontinue  experiments  begun  in  1911. 
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Conclusions. 

Distilled  or  sea  water  solutions  of  nicotine  or  the  salts  of  Li,  Na, 
E,  Ca  or  Mg  all  produce  the  same  abnormalities  in  the  development  of 
certain  fish  eggs  placed  in  tliem  in  early  segmentation  stages. 

These  substances  increase  the  permeability  of  the  eggs  to  salts  or 
their  ions  (the  eggs  being  impermeable  to  salts  in  pure  water  or  'Hba- 
lanced"  salt  solutions). 

Since  the  increase  in  permeability  occurs  before  the  abnormalities 
appear  it  is  probable  that  the  abnormal  permeability  is  the  cause  of 
the  structural  abnormalities. 


Zusammenfassung. 

Werden  bestimmte  Fischeier  in  friihen  Teilungsstadien  in  Losungen 
von  Nikotin  oder  den  Salzen  von  Li,  Na,  K,  Ga  oder  Mg  in  destilliertes 
oder  Seewasser  eingesetzt,  so. werden  in  alien  Fallen  dieselben  Mifi- 
bildungen  in  ihrer  Entwicklung  hervorgebracht. 

Wahrend  die  Eier  in  reinem  Wasser  oder  in  ausgeglichenen  (balanced) 
Salzlosungen  fiir  Salze  undurchlassig  sind,  wird  eine  Durchlassigkeit 
der  Eier  fiir  Salze  oder  deren  lonen  durch  obige  Stoffe  herbeigefiihrt. 

Da  diese  Fermeabilitatsanderung  eintritt,  bevor  die  Mifibildungen 
erfolgen,  so  iBt  jene  abnorme  Durchlassigkeit  wahrscheinlich  die  Ursache 
der  MiBbildungen. 


Reprinted  from  The  Amebican  Journal  op  Phtsioloot,  Vol.  38,  No.  2, 
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Hober  and  Lillie  have  attempted  to  associate  anesthesia  with  per- 
meability. In  a  lecture  at  Woods  Hole  in  1911,  I  attempted  to  ex- 
press the  relation  as  follows:  "If  stimulation  consists  in  increase  in 
permeabiUty,  we  should  expect  anesthetics  to  prevent  this  change."* 

Most  of  the  attempts  at  correlating  anesthesia  and  permeability 
have  been  indirect.  Thus  Hober^  found  that  anesthetics  prevent 
the  action  of  salts  in  producing  a  demarcation  current  in  muscle.  Lil- 
lie* observed  that  anesthetics  prevent  the  action  of  salt  solutions  in 
causing  artificial  parthenogenesis  and  cytolysis  of  Echinoderm  eggs. 
He  also  observed  that  anesthetics  prevent  the  outward  diffusion  of 
cell  pigment  produced  by  salts,  and  thinks  this  a  direct  proof  that 
anesthetics  prevent  increase  in  permeability.  Arrhenius  and  Bubo- 
novic*  observed  that  anesthetics  retard  the  hemolytic  action  of  hypo- 
tonic solutions.  Hober  attributes  a  similar  observation  to  Traube, 
but  I  have  not  as  yet  found  the  reference. 

It  is  clear,  therefore,  that  anesthetics  in  the  anesthetizing  concentra- 
tion, tend  to  prevent  the  outward  diffusion  of  pigment  from  pigmented 
cells.  It  seemed  to  me  of  interest  to  determine  whether  non-pigmented 
substances  are  affected  in  this  way,  especially  the  salts  contained  in 
the  cells.  In  1911, 1  had  observed  that  the  Fundulus  egg  is  impermeable 
to  salts,  but  found  that  Mg  came  out  of  the  eggs  when  placed  in  a  slightly 
toxic  solution  of  NaCl.® 

^  This  research  assisted  by  a  grant  from  the  Research  Fund  of  the  Graduate 
School. 

»McClendon:  Biol.  Bull.,  1912,  xxii,  139. 

•Hober:  Pflttger's  Arch.,  1907,  cxx,  492,  501,  508. 

♦Lillie:  This  Journal,  1912,  xxix,  373,  1912,  xxx,  1;  1913,  xxxi,  255;  Journ. 
Exper.  Zool.,  1914,  xvi,  591. 

•  Arrhenius  and  Bubonovic:  Meddel.  K.  Ventensk.  Akad.  Nobel  institut,  1913, 
ii,  no.  32. 

•McClendon:  This  Journal,  1912,  xxix,  296. 
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It  was  later  found  that  various  toxic  solutions  increase  the  permea- 
bility of  the  egg  to  salts.''  The  addition  of  anesthetics  to  these  salt 
solutions  tends  to  prevent  this  increase  in  permeability.® 

In  making  these  last  experiments^  Fundulus  could  not  be  obtained 
and  the  much  more  delicate  eggs  of  the  pike  were  used.  It  was  found 
that  practically  no  salts  came  out  of  these  eggs  when  they  were  placed 
in  distilled  water.  Since  the  egg  contains  salts,  and  it  does  not  swell 
or  burst  when  placed  in  distilled  water,  it  must  be  impermeable  to  water 
as  well  as  to  salts.  When  placed  in  slightly  toxic  solutions  of  nitrates 
or  anesthetics  the  chlorides  diffuse  out  of  the  egg  very  rapidly.  But 
when  a  toxic  salt  solution  (xV  molecular  NaNOs)  contains  an  anesthetic 
in  the  proper  concentration  for  anesthesia,  the  chlorides  diffuse  out  of 
the  egg  at  a  slower  rate  than  in  the  pure  salt  solution.  Thus  anesthetics 
have  two  effects  on  these  eggs,  at  a  certain  concentration  they  produce 
anesthesia  and  at  a  greater  concentration  they  are  toxic.  A  3  per  cent 
solution  of  alcohol  or  a  0.5  per  cent  solution  of  ether  produces  anesthesia 
(retards  development)  whereas  a  6  per  cent  solution  of  alcohol,  or  a 
2  per  cent  solution  of  ether  is  slightly  toxic.  Twice  as  much  chloride 
diffuses  out  of  eggs  placed  in  pure  NaNOs  solution  as  in  the  same  solu- 
tion containing  3  per  cent  alcohol.  One  and  a  half  times  as  much 
chloride  diffuses  out  of  the  egg  in  the  pure  NaNOs  solution  as  in  the 
same  solution  containing  0.5  per  cent  ether. 

These  experiments  were  extended  this  year,  and  the  chlorides  de- 
termined more  accurately  with  a  Richards'  nephelometer. 

MATERIAL 

The  eggs  of  the  pike  (Esox)  were  used.  These  eggs  are  very  delicate, 
and  are  especially  susceptible  to  changes  in  temperature,  lack  of  oxy- 
gen and  to  the  presence  of  various  substances  in  the  medium.  The 
eggs  were  shipped  from  the  breeding  grounds  in  northern  Minnesota 
to  the  State  Fish  Hatchery  in  Saint  Paul  by  being  spread  out  in 
thin  layers  on  stretched  muslin  in  refrigerator  boxes.  From  this 
point  they  were  brought  to  the  laboratory  in  a  refrigerator  box,  and 
those  in  good  condition  selected  one  by  one  and  placed  in  water  that 
was  distilled,  boiled  and  later  redistilled  in  an  automatic  quartz  still.^ 
No  other  water  was  used  in  the  experiments. 

'McClendon:  Internal.  Zeitschr.  f.  Physik.-chem.  Biol.,  1914,  i,  28. 
•McClendon:  Sci.,  1904,  xxxviii,  280. 
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METHODS 

The  eggs  are  washed  in  the  redistilled  water  until  the  salts  practi- 
cally cease  coining  out  of  them,  and  measured  in  a  series  of  graduated 
cylinders  of  the  same  bore.  That  the  chlorides  have  all  been  washed 
out  of  the  transparent  egg  shell  follows  from  the  following  facts:  The 
last  wash  waters  contain  so  little  chlorides  that  they  cannot  be  detected 
with  the  nephelometer  imless  the  washings  are  boiled  down  to  a  small 
volume.  Tap  water  usually  contains  100  to  10,000  times  as  much 
chlorides.  The  eggs  are  made  permeable  to  chlorides  by  xV  molec- 
ular NaNOa  solution,  and  while  they  remain  in  this,  twice  as  much 
chloride  diffuses  out  of  the  eggs  in  six  hours  ad  in  three  hours.  If  these 
chlorides  were  held  in  the  thin  shell  we  would  expect  more  to  come  out 
in  the  first  three  hours  than  in  the  second  three  hours.  Since  the 
shell  IB  at  all  times  easily  permeable  to  salts,  the  source  of  the  chlorides 
is  not  the  fluid  between  the  egg  and  the  shell,  and  the  small  amount  of 
shell  substance  is  probably  not  the  source  of  such  large  amounts  of 
chlorides  as  were  obtained  from  the  eggs.  I  found  that  when  the 
Fundulus  egg  is  made  permeable  to  chlorides  the  other  salts  diffuse 
out  also,  and  when  the  frog's  egg  is  made  permeable  to  CI  that  S04,C08, 
Na,  K,  Li,  Mg  and  Ca  diffused  out  also.  This  is  probably  true  of  the 
pike  egg  also,  and  enough  salts  could  probably  be  obtained  by  dif- 
fusion to  equal  the  entire  weight  of  the  egg  shell,  which  is  protein  in 
composition.  The  most  reasonable  hypothesis  is  that  the  plasma 
membrane  is  practically  impermeable  to  salts  (and  to  water)  and 
that  it  is  made  permeable  by  toxic  solutions.  The  permeable  egg  may 
live  and  develop  for  several  days,  showing  that  the  entire  store  of 
salts  is  not  necessary  for  its  immediate  needs. 

EXPERIMENTS 

The  same  volume  of  eggs  was  placed  in  each  of  a  series  of  Stender 
dishes,  with  30  cc.  of  the  solution  to  be  tried.  At  the  end  of  six  hours, 
25  cc.  of  this  solution  was  removed  with  a  pipette  having  a  trap  to 
prevent  contamination  with  saliva.  The  sample  was  transferred  to 
the  nephelometer  tube,  and  five  drops  of  a  saturated  solution  of  AgNOj 
added  and  mixed.  The  two  matched  test  tubes  used  in  the  nephelom- 
eter were  filled  up  to  the  zero  point  of  the  scale  by  the  25  cc.  +  5 
drops. 

In  case  any  eggs  died  during  an  experiment,  this  experiment  was 
thrown  out.     Since  the  material  was  available  in  great  abundance, 


176 


J.    F.   MCCLENDON 


a  number  of  experiments  were  performed,  of  which  the  following  are 
typical: 

(1)  5  cc.  of  eggs  Iq  each  dish.    Chlorides  expressed  in  arbitrary  units.    Ethy] 
alcohol  expressed  in  per  cent  by  volume. 


Solution 

^NaNO, 

-f  l%alcohol 

+2%  ale. 

+3%  ale. 

4-4%  ale. 

Chlorides 

100 

60 

50 

45 

60 

(2)  15  cc.  of  eggs  In  each  dish 

Solution...... 

TT  NaNO, 

A  NaNO,-f  2%  ale. 

A  NaN0,+3%  ale. 

Chlorides 

100 

dO 

40 

The  duration  of  the  experiment,  six  hours,  was  selected  because  this 
was  the  maximum  duration  that  could  be  considered  safe.  Even 
then,  some  of  the  experiments  had  to  be  thrown  out  because  one  or 
two  eggs  died  before  they  were  completed.  The  NaNOa  has  to  be  pure 
in  order  to  have  the  right  degree  of  toxicity.  The  ethyl  alcohol  was 
redistilled  over  metallic  sodium.  Although  the  dishes  were  covered 
in  all  experiments,  the  experiments  with  ether  were  discontinued  after 
it  was  found  that  ether  has  the  same  effect  as  alcohol^  owing  to  the  fact 
that  some  of  the  ether  diffused  into  the  air  above  the  eggs  and  the 
concentration  of  that  remaining  in  the  solution  was  no  longer  known. 
It  is  probable  that  all  anesthetics  have  the  same  action. 

A  word  of  caution  to  any  one  who  wishes  to  make  similar  experiments 
on  pike  eggs:  Some  of  my  early  experiments  were  irregular  in  results. 
I  beUeve  the  reason  for  this  is  that  the  egg  is  made  more  permeable  by 
increase  in  temperature,^  and  that  different  eggs  are  not  affected  by 
the  same  temperature.  I  did  not  determine  the  maximum  temperature 
at  which  it  is  safe  to  work,  but  a  temperature  of  about  8**  is  safe  and  is 
easily  maintained  in  a  refrigerator.  Fundulus  eggs  may  be  used  at 
room  temperature  in  Woods  Hole,  and  are  preferable  in  every  way. 
It  is  clear  that  2  to  3  per  cent  by  volume  of  ethyl  alcohol  partially 
inhibits  the  permeability-increasing  action  of  a  pure  NaNOs  solu- 
tion. It  is  theoretically  possible  to  entirely  prevent  this  increase  in 
permeability  if  the  toxicity  of  the  NaNOj  solution  is  low  enough. 
The  difficulty  in  demonstrating  this  lies  in  the  fact  that  the  toxicity 
of  the  sodium  salt  does  not  depend  on  its  absolute  concentration,  but 

•Osterhout:  Biochem.  Zeitechr.,   1914,   Ixvii,  272. 
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on  the  ratio  of  sodium  to  calcium.  With  a  very  mildly  toxic  solution 
of  NaNOg  the  Ca  diffusing  out  of  the  egg  at  the  first  increase  of  per- 
meability lowers  the  toxicity  and  hence  the  permeability  to  such  an 
extent  that  no  permeability  increase  can  be  measured  by  means  of  the 
nephelometer,  and  electric  conductivity  experiments  with  their  large 
and  numerous  sources  of  error  would  have  to  be  substituted. 

That  2-3  per  cent  ethyl  alcohol  is  really  the  anesthetic  concentration, 
follows  from  the  fact  that  it  retards  the  development  of  these  eggs. 
The  same  concentration  may  not  be  correct  for  every  species  or  every 
tissue.  In  general,  it  seems  that  nerve  tissue  requires  a  less  concen- 
tration of  an  anesthetic  for  anesthesia  than  other  tissues.  But  it  is 
hardly  justifiable  to  assume  that  this  affect  of  anesthetics  on  per- 
meability is  peculiar  to  egg  tissue.  Pike  embryos  were  found  to  behave 
the  same  as  eggs  up  to  the  time  of  the  development  of  kidney  function, 
when  the  excretion  of  salts  interferes  with  the  method  used  to  measure 
permeability.  It  is  probable  that  anesthetics  retard  the  increase  in 
permeability  of  any  cell  by  any  "stimulus." 

DISCUSSION 

In  1910  I  observed  that  chloroform,  when  added  to  the  sea  water, 
reduces  the  electric  conductivity  of  sea  urchin  eggs.  This  experiment 
was  not  repeated,  owing  to  lack  of  time  and  the  large  number  of  sources 
of  error  that  must  be  guarded  against  in  order  to  be  sure  that  decreased 
conductivity  indicates  decreased  permeability.  Osterhout,^®  by  find- 
ing a  tougher  material,  was  able  to  show  that  anesthetics  decrease 
the  permeability,  at  least  of  certain  plant  cells.  JoeP^  found  that 
anesthetics  decrease  the  permeability  of  eiythrocytes.  The  question 
arises  whether  anesthetics  prevent  increase  in  permeability  by  decreas- 
ing permeability.  If  a  cell  is  absolutely  impermeable  its  permeability 
cannot  be  decreased.  The  Fundulus  egg  is  so  nearly  impermeable  to 
salts  that  it  would  be  extremely  difficult  to  measure  a  decrease  in 
permeabiUty.  The  pike  egg  may  be  more  permeable  to  salts  but  it 
would  be  no  easier  to  measure  a  decrease  in  permeability,  owing  to  the 
delicate  nature  of  the  egg  and  danger  of  non-uniformity  of  material. 
It  seems  probable,  however,  that  the  anesthetic  and  toxic  substances 
act  on  the  same  constituent  of  the  cell  surface  or  plasma  membrane. 
If  the  cell  surface  is  composed  of  a  mosaic  of  different  constituents, 

"Oaterhout:  Sci.,  1913,  111. 
"Joel:  Pfltiger's  Arch.,  1914. 
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and  one  constituent  is  permeable,  the  cell  is  permeable.  But  if  one 
constituent  is  impermeable  the  whole  cell  is  not  necessarily  impermeable, 
since  cMusion  can  take  place  through  the  other  constituent.  If  the 
NaNOs  makes  the  cell  permeable  by  acting  on  a  protein  it  is  difficult 
to  see  how  the  anesthetic  could  antagonize  this  effect  by  acting  on  a 
lipoid. 

Stimulation  and  anesthesia  seem  to  be  antagonistic  states.  I  have 
shown  that  the  permeabiUty  of  striated  muscle  is  increased  on  stimu- 
lation^^ and  that  the  permeabihty  of  the  eggs  of  the  sea  urchin  and  the 
frog  increases  when  they  pass  from  the  state  of  repose  into  that  of 
activity.^*  The  question  arises  whether  this  is  true  of  other  cells, 
such  as  those  of  glands.  In  order  to  decide  this  we  must  discuss  the 
psycho-galvanic  reflex. 

If  a  constant  electric  current  is  sent  through  the  body  from  non- 
polarizable  electrodes  and  the  person  is  given  a  nervous  shock,  as  by 
sticking  a  pin  in  him  unexpectedly,  the  strength  of  the  current  is  mo- 
mentarily increased.  Leva"  showed  that  the  degree  of  this  change 
is  in  direct  ratio  with  the  number  of  sweat  glands  per  unit  area  of  the 
skin,  and  therefore  concluded  that  the  sweat  glands  produce  this 
phenomenon.  Gildemeister"  was  able,  by  improvements  in  the 
electric  conductivity  method,  to  show  that  this  is  due  to  the  increased 
permeability,  presumably  of  these  glands.  Apparently  the  gland 
cells  are  stimulated  by  the  83nnpathetic  nerves  and  their  permeability 
is  increased. 

It  seems,  therefore,  that  the  increased  permeability  on  stimulation 
is  a  general  phenomenon,  and  we  might  expect  the  action  of  anesthetics 
in  preventing  this  increase  to  be  general,  also. 

Warburg^'  has  shown  that  anesthetics  retard  the  oxidation  of  oxalic 
acid  by  blood  charcoal  to  about  the  same  degree  as  they  decrease  the 
respiration  of  nucleated  erythrocytes.  I  have  repeated  and  confirmed 
these  experiments.  Tashiro  and  Adams"  have  shown  that  the  nerve 
fiber  gives  out  less  CO2  when  it  is  anesthetized.  Although  it  was  shown 
by  Warburg**  that  the  respiration  of  sea  urchin  eggs  is  only  slightly 

"McClendon:  This  Journal,  1912,  xxix,  302. 
"McClendon:  This  Journal,  1910,  xxvii,  240,  and  ibid,  in  press. 
»*Leva:  Miinch.  Med.  Wochenschr.,  1913,  2386. 

**Gildemei8ter:  Miinch.  Med.  Wochenschr.,  1913,  2289;  see  also  Schwartz: 
Zentlbl.  f.  Physiol.,  1913,  xxvii,  734. 

»•  Warburg:  Pfliiger's  arch.,  1914,  civ,  147. 

^^  Tashiro  and  Adams:  Int.  Zeitschr.  f.  Physik.-chem.  Biol.,  1914,  i,  451. 

"Warburg:  Zeitschr.  f.  Physiol.  Chem.,  1910,  Ixvi,  306. 
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reduced  during  anesthesia,  it  seems  generally  true  that  anesthetics  may 
antagonize  oxidations  by  cells,  oxidases  and  some  inorganic  katalyzers. 
The  question  whether  permeability  has  any  relation  to  the  oxidative 
processes  cannot  be  finally  settled  until  we  know  more  about  the  mech- 
anism of  the  latter.  At  present  we  can,  at  most,  make  the  generaliza- 
tion that  in  the  presence  of  Os  cell  respiration  varies  more  or  less  with 
cell  permeability  so  long^'  as  the  cell  is  alive.  The  only  observation  that 
I  know  of  that  might  appear  to  extend  this  rule  to  a  dead  cell  is  that  of 
Warbiu-g.'®  He  found  that  the  oxidation  in  the  young  erythrocytes 
of  the  goose  is  increased  by  freezing  and  thawing  provided  they  are 
closely  packed.  Freezing  and  thawing  causes  hemolysis  and  increases 
permeability,  and  the  hemolyzed  cells  might  be  considered  dead. 

SUMMARY 

Anesthetics  in  the  concentration  that  retards  development  (2-3  per 
cent  alcohol  or  0.5  per  cent  ether)  tends  to  inhibit  the  permeabihty- 
increasing  action  of  a  ^V  molecular  solution  of  NaNOa  on  the  eggs 
and  embryos  of  the  pike  (Esox). 

>*McClendon  and  Mitchell:  Journ.  Biol.  Chem.,  1912,  x,  459. 
*»  Warburg:  Zeitschr.  f.  Physiol.  Chem.,  1911,  419. 
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The  differences  in  the  digestive  process  in  adults 
and  infants  have  been  the  subject  of  so  many  contri- 
butions that  it  would  be  impossible  to  review  the  litera- 
ture in  a  paper  of  this  length;  but  some  recent  work 
is  of  especial  interest  in  shedding  new  light  on  this 
subject.  We  are  still  very  ignorant  of  the  chemical 
nature  of  the  digestive  enzymes,  but  are  learning  more 
of  the  conditions  under  which  they  act. 

Sorensen*  has  made  careful  studies  of  the  relation 
between  the  acidity  or  alkalinity  of  the  solution  and 
the  rapidity  of  the  action  of  different  enzymes.  The 
acidity  is  measured  by  the  concentration  of  the  hydro- 
gen ions.  The  optimum  concentration  of  hydrogen 
ions  for  peptic  digestion  was  found  to  be  about  0.04 
normal,  and  the  rate  decreased  if  the  acidity  was 
increased  or  decreased.  At  about  0.0001  normal  it  was 
about  a  half  to  a  fifth  as  rapid,  and  at  about  0.2  nor- 
mal it  was  about  0.9  to  0.5  as  rapid,  depending  on  the 
duration  of  the  experiment  and  the  method  of  analysis. 

It  is  well  known  that  trypsin  acts  better  in  an  alka- 
line medium,  and  Michaelis  and  Davidsohn*  have 
shown  that  its  action  decreases  as  the  alkalinity 
decreases,  and  still  more  if  the  solution  becomes  acid, 
so  that  at  a  hydrogen  ion  concentration  of  0.0001,  it 
ceases  altogether.  Rona  and  Arnheim^  have  found 
the  same  thing  true  of  erepsin. 

It  occurred  to  me  that  the  rate  of  digestion  in  the 
stomach  and  intestine  might  be  studied  by  continuous 
observation  of  the  hydrogen  ion  concentration.     For 

1.  Sorcnscn,  S.  P.  L.:  Biochem.  Ztschr.,  1909,  xxi,  131. 

2.  Michaelis  and  Davidsohn:  Biochem.  Ztschr.,  1911,  xxxviii,  280. 

3.  Rona  and  Arnheim:  Biochem.  Ztschr.,  1913,  Ivii,  84. 
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this  purpose  new  apparatus  was  perfected,'  one  method 
being  the  construction  of  a  hydrogen  electrode  which 
could  be  lowered  into  the  stomach.  In  this  way  curves 
were  plotted  of  the  rise  in  acidity  in  the  stomach.*  The 
other  method  consisted  in  the  use  of  an  Einhorn  duo- 
denal tube  kept  in  the  stomach. 

Although  ail  the  determinations  were  made  with  the 
hydrogen  electrode,  the  indicator  method  of  determin- 
ing the  reaction  was  tested.  When  the  sample  was 
already  colored,  indicator  papers  were  found  to  work 
better  than  the  solutions.  Ordinary  indicator  papers 
are  not  always  sensitive  enough.  It  is  better  to  soak 
Schleicher  and  Schiill's  ash-free  filter  paper  No.  .=iS9 
in  a  solution  of  the  dye  and  dry  it.  In  case  of  a  natural 
indicator,  if  it  will  dissolve  in  absolute  alcohol,  this 
solution  is  used  to  color  the  paper  in  order  that  no  salts 
may  be  transferred  to  the  paper.  The  edge  of  the 
paper  is  touched  to  the  solution,  and  as  the  solution 
rises  in  the  pores  of  the  paper,  the  coloring  matters 
are  precipitated  in  the  pores ;  but  the  acid  or  alkali 
rises  higher  and  gives  the  characteristic  reaction  with 
the  indicator  above  the  place  where  the  color  of  the 
sample  is  precipitated.  Pure  water  rises  still  higher; 
therefore  the  upper  hmit  of  the  moist  area  should  not 
be  taken  to  indicate  the  reaction. 

The  hydrogen  ion  concentrations  at  which  some  indi- 
cators change  the  contents  of  the  digestive  tract  are 
as  follows:  methyl  violet  and  tropeolin  00,  O.OI  ; 
dimethylamidobenzol,  0.005;  congo,  methyl  orange  and 
alizarin,  0.0001 ;  litmus  and  p-nitrophenol,  0.00001  ; 
neutral  red.  0.000005;  rosolic  acid,  0.0000005;  phenol- 
phthalein,  0.00000005. 

It  was  found  that  the  heavier  the  meal  and  the  more 
protein  it  contained,  the  more  slowly  the  acidity  rose. 
After  the  average  meal,  however,  the  acidity  rises  rap- 
idly during  the  first  hour,  more  slowly  during  the 
second  hour  and  remains  about  stationary  during  the 
third,  fourth  and  fifth  hours.  During  the  first  hour 
very  little  peptic  digestion  can  take  place,  and  the  most 

4,  McClriiilon.  J.  F.:  New  Hydrogen  Eltctfodes  and  Rapid  Methods 
of  DetctmLning  Hydrogen  Ion  Coneonlri lions.  Am.  Jour.  Phraiol.,  July, 
I9I5:  A  Direct  Keadmg  Pounliomclcr  for  Mcasurine  Hydrogen  Ion 
Concenlralions.  ibid. 

5.  McClendon.  J,  F.:  Acidity  Curves  in  the  Stomachi  and  Duodenumi 
of  Adulli  and  Infants,  as  Plotted  with  the  Aid  of  Improved  Melhoda 
of  Hesiuring  Hydrogen   Ion  Concenlralion.,  Am.   Jour.  Phraiol.,  July, 


rapid  digestion  is  delayed  until  from  two  to  three 
hours  after  finishing  the  meal. 

The  acidity  curve  is  thus  an  index  of  the  efficiency 
of  the  stomach  to  take  care  of  a  meal,  and  a  whole  hour 
is  saved  by  the  ability  of  the  stomach  to  raise  the 
acidity  an  hour  sooner.  The  acidity  rises  to  its  maxi- 
mum an  hour  sooner  in  some  stomachs  than  in  others, 
and  these  stomachs  are  emptied  through  the  pylorus 
sooner  than  the  others,  and  hence  made  ready  for 
another  meal. 

This  brings  us  to  the  question  of  the  infant's  stom- 
ach, and  it  was  investigated  at  the  request  of  Dr. 
Sedgwick  in  the  same  way  so  far  as  was  practicable. 
In  this  work  Dr.  Rood  Taylor  assisted,  and  collected 
all  samples.  The  acidity  of  the  infant's  stomach  (of 
the  first  month)  remains  nearly  stationary  during  the 
first  hour,  after  which  it  rises  steadily  until  the  next 
meal,  and  if  this  is  delayed  four  hours  it  may  become 
as  acid  as  the  adult  stomach.  The  question  arises  as 
to  what  this  has  to  do  with  the  digestion.  The  milk 
does  not  wait  to  be  digested  before  passing  out  of  the 
stomach,  and  when  the  acidity  is  high  enough  for  pro- 
tein digestion,  there  is  little  miik  in  it  to  be  digested. 

A  study  of  the  duodenal  contents  offers  a  suggestion 
in  explanation  of  this  anomaly.  The  duodenal  con- 
tents are  more  acid  than  the  full  stomach,  the  hydrogen 
ion  concentration  being  about  0.0008,  despite  the  pres- 
ence of  bile  and  pancreatic  juice.  At  this  acidity, 
considerable  peptic  digestion  could  take  place,  accord- 
ing to  the  careful  studies  of  Sorensen.  Pepsin  was 
looked  for  and  found  to  be  always  present  in  the 
infant's  duodenum.  In  determining  this,  0.1  c.c.  of 
duodenal  contents  was  mixed  with  2  c.c.  of  a  dilute 
solution  of  edestin  kept  slightly  acid  with  a  phosphate 
mixture,  and  incubated  for  two  hours  at  37  C, 
(98.6  F.).  At  the  end  of  that  time  the  undigested 
edestin  was  precipitated  with  a  few  drops  of  a  satu- 
rated solution  of  sodium  chiorid.  A  precipitate  was 
observed  only  in  the  controls,  however,  owing  to  the 
rapid  peptic  digestion. 

Trypsin  was  likewise  determined,  by  the  digestion 
of  a  dilute  alkaline  solution  of  casein  for  twenty-four 
hours  in  an  incubator.  It  seemed  to  be  much  less 
abundant  than  the  pepsin,  however,  from  the  fact  that 
the    casein    was   not   always   completely   digested   in 


twenty-four  hours ;  but  some  undigested  casein  could 
be  precipitated  by  neutralization  of  the  solution  with 
acetic  acid. 

The  reaction  of  the  duodenal  contents  of  the  infant 
is  such  as  would  allow  peptic  and  tryptic  digestion  to 
occur  simultaneously,  and  the  question  arises,  whether 
or  not  this  reaction  is  maintained  in  the  ileum.  Owing 
to  our  inability  to  obtain  intestinal  juice,  comparative 
data  must  be  used  in  this  discussion.  The  feces  of  the 
infant  are  acid,"  and  it  is  simplest  to  assume  that  the 
intestine  is  acid  all  the  way  down  rather  than  that  it 
is  first  acid,  then  alkaline  and  then  acid  again.  Fur- 
thermore, it  is  chiefly  the  pancreatic  juice  that  makes 
the  adult  intestinal  contents  alkaline  (Boldyreff).  The 
adult  duodenal  contents  are  alkaline,  notwithstanding 
the  highly  acid  fluid  coming  down  from  the  stomach. 
I  found  the  hydrogen  ion  concentration  of  the  adult 
duodenal  contents  to  be  about  0.00000002,  and  it  was 
not  made  acid  by  pouring  in  a  fair  proportion  of  gastric 
juice.  This  is  about  the  same  alkalinity  as  found  by 
Auerbach  and  Pick'  in  the  intestine  of  dogs,  and  seems 
to  be  characteristic  for  the  adult  mammalian  intestine. 
The  content  of  the  common  bile  duct  is  a  fluid  like  a 
carbonate  solution,  whose  reaction  is  not  easily 
changed,  and  which  gives  the  characteristic  reaction  to 
the  contents  of  the  small  intestine.  The  same  reaction 
is  characteristic  of  the  feces  according  to  Michaelis." 
The  production  of  bile  in  the  infant  is  very  small,  and 
is  not  nearly  sufficient  to  neutralize  the  gastric  juice: 
consequently  it  is  probable  that  all  of  the  digestion  in 
the  infant  takes  place  in  an  acid  medium. 

It  is  well  known  that  the  infant's  stomach  is  espe- 
cially rich  in  lipase.  In  addition  to  the  lipase  in 
mother's  milk,  the  stomach  secretes  lipase.  I  found 
the  fat-splitting  action  of  the  duodenal  contents  of  the 
infant  to  be  as  great  in  an  acid  medium  as  in  an  alka- 
line medium.  A  saturated  solution  of  tributyrin  was 
used,  and  the  digestion  determined  by  measuring  the 
surface  tension  with  a  stalagometer.  This  test  is  very 
delicate,  and  if  any  difference  existed,  it  should  have 
been  detected.  The  failure  to  find  a  difference  indi- 
cates that  the  lipase  coming  from  ibe  stomach  is  so 
abundant  as  to  make  the  detection  of  pancreatic  lipase 
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in  the  mixture  difficult.  At  any  rate,  the  fat-splitting 
action  of  the  duodenal  contents  is  very  rapid  in  an  acid 
medium,  and  since  there  is  no  starch  to  be  split,  there 
is  no  reason  to  suppose  that  an  alkaline  reaction  is  nec- 
essary for  the  infant's  digestion. 

Since  the  infant  may  some  day  become  a  man,  the 
question  arises  as  to  what  becomes  of  the  digestion  in 
tfie  transition  process.  We  observed  that  the  infant's 
duodenum  is  not  too  acid  for  tryptic  digestion,  and 
therefore,  when  the  acidity  of  the  intestine  in  the  grow- 
ing child  decreases  so  that  peptic  digestion  can  no 
longer  take  place,  it  is  still  equipped  with  an  efficient 
agent  for  proteolysis. 

The  study  of  the  acidity  of  the  stomach  during  this 
transition  period  was  begun  by  Huenekens.*  He  found 
that  the  acidity  of  the  infant's  stomach  remained  low 
at  least  five  years  if  it  was  fed  on  milk,  but  on  a  mixed 
diet  excluding  milk  and  including  meat,  the  acidity  of 
the  17-months-old  infant  is  sufficient  for  peptic  diges- 
tion. The  proteins  of  the  milk  bind  and  partially  neu- 
tralize the  acid.  My  results  indicate  that  no  stimulus 
is  necessary  for  the  secretion  of  acid,  but  the  question 
could  not  be  decided  without  finding  some  means  of 
estimating  the  total  quantity  of  acid  secreted,  which 
cannot  be  done  by  the  titration  method  unless  carbon- 
ates and  phosphates  and  proteins  are  entirely  excluded 
from  the  stomach. 

Since  writing  this  paper  I  have  read  that  of  Rehfuss, 
Bergeim  and  Hawk^  describing  acidity  curves  by  the 
titration  method.  Their  curves  rise  more  rapidly  and 
then  fall.  The  rise  is  probably  due  to  the  use  of  the 
Ewald  meal  with  low  acid  binding  power,  and  the  col- 
lection of  the  sample  next  to  the  wall  of  the  stomach. 
The  fall  may  be  due  to  the  regurgitation  of  duodenal 
contents.  My  curves  are  not  complete,  and  hence  show 
no  fall  at  the  end. 

SUMMARY 

The  acidity  of  the  stomach  and  reaction  of  tlie  duo- 
denal contents  was  measured  by  means  of  hydrogen 
electrodes.  Indicator  papers  were  calibrated  so  that 
clinicians  may  determine  hydrogen  ion  concentrations 
approximately. 

>    FT..r..rliens:  ZlEcbr.  f.  Kinderh.,  1914.  xi.  297. 

1.  M.  E.;  B«g«im.  OUf,  and  Hawk,  P.  B.:  Gaitro-InltslLnal 


After  a  normal  meal,  the  acidity  of  the  adult  stomach 
reaches  its  maximum  in  from  two  to  three  hours,  the 
rise  in  acidity  being  more  rapid  the  lighter  the  meal. 

The  height  to  which  the  acidity  rises  varies  with  the 
individual,  the  highest  observed  in  a  normal  individual 
being  0.1  normal  (about  0.4  per  cent,  of  pure  hydro- 
chloric acid).  The  hydrogen  ion  concentration  of  the 
duodenal  contents  is  0.00000002  normal.  This  is 
slightly  alkaline,  since  that  of  pure  water  is  0.00000011 
at  25  C.  {77  F.). 

The  acidity  of  the  infant's  stomach  rises'  slowly  after 
the  milk  begins  to  leave  it,  and  four  hours  after  nurs- 
ing may  be  the  same  as  some  normal  adult  stomachs. 
That  of  the  gastric  juice  of  the  new-born  is  0.005. 

The  acidity  of  the  duodenal  contents  of  the  infant 
is  0.0008,  and  hence  it  is  probable  that  both  peptic  and 
tryptic  digestion  take  place  in  the  intestine  of  the 
infant.  Pepsin  was  always  found  and  was  apparently 
more  abundant  (active)  than  the  trypsin. 
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OF  THE  EGG 

Bz  Db.  J.  F.  HcCLBNDON 

0NIVIB8ITZ  OF  KimiBBOTA  UDICAt.  SCHOOIi 

1 

TICHOMIBOPP,  in  1886,  was  the  first  to  nse  the  term  artificial 
parthenogenesis,  referring  to  acceleration  in  the  development  of 
the  natarally  parthenogenetic  eggs  of  the  silkworm  by  methods  found 
effective  in  hastening  development  in  fertilized  eggs  of  the  same  species. 
To-day  the  term  is  applied  to  development  of  eggs  not  usually  piar- 
fhenogenetic,  although  a  few  such  might  develop  in  nature  under  acci- 
dentally abnormal  conditions. 

The  exact  extent  of  development  that  is  to  be  dignified  by  this  term 
is  a  matter  of  dispute,  some  claiming  it  should  be  possible  to  produce 
an  adult  reproductive  organism  by  artificial  parthenogenesis.  Though 
Delage  obtained  two  sea  urchins  in  this  manner  and  more  than  one 
observer  has  so  produced  frogs,  none  of  these  reproduced  a  second  gen- 
eration, a  fact  not  hard  to  understand  on  remembering  that  normally 
fertilized  eggs  of  many  animals  have  never  been  reared  to  maturity  and 
reproductive  activity  under  observation.  Loeb  considers  a  swimming 
larva  to  be  the  goal  of  the  investigator.  But  it  is  interesting  to  note 
that  the  ''swimming  larvae '*  of  the  marine  worm  Chcetopterus,  which 
he  produced  from  imfertilized  eggs,  were  shown  by  F.  Lillie  to  be  ab- 
normal, unsegmented  or  poorly  segmented  eggs  that  had  developed  cilia. 

We  may  consider  for  a  moment  what  signifies  development  in  the 
egg.  The  egg  of  any  animal  is  in  the  beginning  a  single  cell  and  im- 
dergoes  a  certain  development  before  normal  fertilization.  Some  ani- 
mals reproduce  parthenogenetically  for  several  generations  (t.  e.,  plant 
lice)  and  the  silkworm  eggs,  noted  before,  imdergo  more  or  less  devel- 
opment if  fertilization  fails  to  occur.  The  eggs  of  most  animals,  how- 
ever, do  not  segment  (produce  an  embryo)  before  fertilization.  Though 
in  many  of  these  same  species  (for  example,  sea  urchin)  the  eggs 
(during  maturation)  undergo  before  fertilization  two  very  unequal  cell 
divisions,  resulting  in  the  formation  of  "polar  bodies,*'  the  unfertilized 
egg  is  generally  considered  a  single  cell,  since  the  "  polar  bodies  "  seem 
to  have  no  further  part  in  the  formation  of  the  embryo.  The  positive 
sign  of  development  in  the  mature  egg  seems  to  be  segmentation.  We 
may  therefore  consider  artificial  parthenogenesis  to  be  demonstrated  by 
the  segmentation  of  unfertilized  eggs  which  do  not  normally  segment 
until  fertilized. 

B.  Hertwig  was  the  first  to  observe  the  segmentation  of  unfertilized 
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sea-urchin  eggs,  which  normally  die  if  not  fertilized.  Morgan^  in  1899, 
produced  segmentation  in  unfertilized  sea-urchin  (Arhacia)  eggs,  by 
immersing  them  in  sea  water  to  which  a  dry  salt  had  been  added,  such 
a  solution  being  called  hypertonic  sea  water,  and  having  «  greater 
osmotic  pressure  than  ordinary  sea  water.  Loeb,  immediately  after- 
wards, produced  swimming  larvsB  in  sea  water  made  hypertonic  by  the 
addition  of  magnesium  chloride.  Since  then  many  investigators  have 
studied  the  subject.  Eggs  of  various  animals  have  been  made  par- 
thenogenetic  by  putting  them  in  solutions  containing  salts,  acids  or 
alkalis,  sugar,  fat  solvents,  blood  sera,  alkaloids,  or  by  means  of  asphyxia- 
tion, or  by  mechanical,  thermal  or  electric  changes.  The  concentration 
of  the  solution  in  which  the  eggs  are  treated  may  be  the  same  as  that 
of  the  fluid  in  which  they  normally  live,  or  it  may  be  of  a  greater  or 
less  concentration. 

It  has  been  fairly  well  demonstrated  that  the  artificial  agents — ^used 
in  producing  parthenogenesis — ^act  primarily  on  the  surface  of  the  egg, 
and  B.  Lillie  supposes  they  tend  to  increase  its  permeability.  Loeb 
recognizes  a  "superficial  cytolysis,'*  the  exact  nature  of  which  is,  how- 
ever, xmknown.  When  cells  contaiuing  soluble  coloring  matters  un- 
dergo cytolysis,  the  colored  substances  come  out  of  the  cells.  Cytolysis 
has,  therefore,  been  considered  to  consist  of,  or  be  accompanied  by,  an 
increase  in  permeability  of  the  protoplasm. 

The  electric  conductivity  method  of  Kohlrausch  suggested  itself  to 
the  writer  as  the  best  way  of  settling  this  question  of  the  permeability 
of  the  egg.  The  principle  of  the  method  lies  in  the  fact  that  an  electric 
current  is  carried  through  wet  substances  by  the  movement  of  elec- 
trically charged  atoms  or  "ions."  If  the  permeability  increases,  the 
ions  move  faster  and  the  current  is  greater.  *The  use  of  this  method 
showed  that  the  permeability  increased  immediately  after  fertilization, 
on  the  application  of  agents  producing  parthenogenesis.^  These  results 
were  confirmed  by  Gray,*  who  observed  further  that  the  permeability 
decreased  again  about  fifteen  minutes  after  fertilization.  Lyon  and 
Shackell*  observed  that  the  permeability  of  the  egg  to  certain  dyes  in- 
creased on  fertilization,  and  also  that  more  of  the  red  substances  came 
out  of  the  fertilized  than  out  of  the  unfertilized  eggs.  E.  17.  Harvey 
observed  independently  that  the  permeability  of  the  eggs  to  certain  dyes 
and  caustic  soda  increased  on  fertilization.  Finally,  Glaser  has  recently 
concluded  from  his  experiments  that  fertilization  increases  the  egg's 
permeability. 

There  is  another  proof  that  the  egg  of  one  species  (the  frog)  be- 
comes more  permeable  to  salt  on  beginning  development.    The  writer 

1  MeOlendon,  Am.  Jour.  Physiol.,  1910,  27,  240. 

s  J.  Gray,  Jour.  Marine  Bio.  Assn.  United  Kingdom,  1913,  X,  50. 

>  Soienee,  1910,  32,  249. 
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observed  that  the  frog's  egg  may  be  made  parthenogenetic  by  means  of 
ft  momentary  electric  shock.  Unfertilized  eggs  of  a  frog  were  divided 
into  two  -equal  lots^  placed  in  distilled  water^  and  one  lot  shocked  elec- 
trically. It  was  foimd  that  three  times  as  much  salt  diffused  out  of  the 
shocked  eggs  as  out  of  the  control.  Since  the  salt  must  have  come  from 
the  interior  of  the  eggs,  the  experiment  seems  to  prove  that  the  eggs 
must  have  been  permeable  to  it.  The  shocked  eggs  began  to  segment 
and  behaved  in  other  ways  as  if  normally  fertilized. 

There  seems  to  be  no  doubt  that  the  permeability  of  the  egg  is  in- 
creased by  agents  producing  parthenogenesis,  but  just  how  this  influ- 
ences the  egg's  development  is  not  absolutely  settled,  because  of  the 
many  processes  in  development  which  are  very  far  from  being  solved. 
Some  of  these  processes  have  been  the  subject  of  numerous  investiga- 
tions. The  outward  change  in  form  during  the  segmentation  of  the 
egg  is  caused  by  changes  in  surface  tension.  Granted  that  fertilization 
alters  the  permeability  of  the  egg,  it  may  be  that  the  changes  in  per- 
meability influence  the  surface  tension.* 

The  unfertilized  eggs  of  sea  urchins,  frogs  and  many  other  animals 
are  surrounded  by  jelly-like  coats,  the  inner  layer  of  which  lies  close  to 
the  egg.  On  fertilization,  the  jelly  is  pushed  out  by  the  perivitelline 
fluid  exuding  from  the  egg,  the  space  occupied  by  the  fluid  being  called 
the  perivitelline  space.  The  inner  layer  of  the  jelly  Jooka  like  a  dis- 
tinct membrane  and  is  called  the  *' fertilization  membrane.*'  Loeb  con- 
siders its  formation  of  great  importance.  Biataszewicz  has  shown  that 
the  frog's  egg  shrinks  as  this  fluid  is  ''  secreted.'*  Qlaser  has  observed 
the  same  phenomenon  in  the  sea  urchin's  egg,  though  the  shrinkage  is 
so  slight  that  other  observers  deny  its  taking  place.  Granting  that  the 
perivitelline  fluid  comes  from  the  egg,  the  increase  in  permeability 
would  facilitate  its  migration. 

If  the  jelly  be  removed  from  the  sea  urchin's  egg  prior  to  fertiliza- 
tion, no  '' fertilization  membrane"  appears.  Presumably  the  fluid  is 
secreted  but  lost  in  the  surrounding  water."  Though  the  membrane 
helps  to  protect  the  embryo,  its  existence  is  not  absolutely  essential, 
since  eggs  lacking  it  (due  to  the  removal  of  the  jelly)  have  been  known 
to  develop.  Many  observations  and  experiments  have  demonstrated  to 
the  writer  that  the  tough  "  fertilization  membrane  "  of  the  sea-urchin's 
egg  does  not  exist  (at  least  in  its  final  condition)  before  fertilization. 
The  increase  in  permeability  allows  the  escape  of  the  perivitelline  fluid 
which,  according  to  the  hypothesis  advanced  in  1911,  interacts  with  the 
jelly  and  forms  the  "fertilization  membrane."*    Elder,  in  1913,  came 

«McGlendon,  Boux's  Archiv,  1913,  37,  233. 

s McGlendon,  "On  the  Nature  and  Formation  of  the  Fertilization  Mem-* 
brane,"  Intemat.  Zeii.  /.  PhysiJc.-Chem.  Biologie,  1914,  YoL  163. 
•  McGlendon,  Science,  1912,  33,  387. 
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to  hold  the  same  view.  E.  N.  Harvey^  though  believing  that  the  mem- 
brane is  not  present  before  fertilization,  considers  the  jelly  unnecessaiy 
for  its  formation,  holding  that  the  membrane  substance  hardens  on  con- 
tact with  sea  water.  He  admits  that  unfertilized  ^ggs  from  which  the 
jelly  is  removed  soon  lose  their  power  of  forming  membranes  on  fertili- 
zation, but  says  they  do  not  lose  it  immediately.  Perhaps  he  left  a 
thin  film  of  jelly  adhering  to  the  eggs  or  had  not  removed  the  water 
containing  the  dissolved  jelly.  This  dissolved  jelly  may  be  in  time 
decomposed  by  bacteria  and  thus  prevent  membrane  formation.  If 
eggs  with  jelly  remain  in  sea  water  fifty-two  hours,  they  do  not  form 
membranes  on  fertilization. 

When  a  sea  urchin^s  egg  is  fertilized,  an  increase  in  ihe  rate  of 
respiration  occurs,  as  shown  by  0.  Warburg.  This  may  be  due  to  some 
physical  change,  and  is  to  be  expected,  since  the  egg  passes  from  a  state 
of  inactivity  to  one  of  activity.  When  the  starfish  egg  is  liberated  from 
the  body  of  the  female  into  the  sea,  it  becomes  active  to  the  extent  of 
extruding  the  polar  bodies.  Loeb  and  Wasteneys  found  that  respiration 
was  high  at  the  time  of  formation  of  the  polar  bodies  in  the  starfish 
egg,  and  continued  about  the  same  level,  whether  fertilized  or  not.  The 
egg  may  pass  through  an  inactive  stage  while  in  the  ovary,  with  cor- 
responding low  respiration.  Coming  in  contact  with  sea  water  may 
stimulate  it  toward  development,  with  resulting  maturation  and  in- 
creased respiration,  though  the  stimulus  is  not  sufficient  to  cause  seg- 
mentation. This  is  in  harmony  with  the  fact  that  much  weaker  stimuli 
cause  segmentation  in  starfish  than  are  required  by  sea  urchin  eggs. 
The  frog's  egg  resembles  the  former  and  Batallion  has  shown  that  the 
slight  prick  of  a  needle  is  sufficient  to  cause  the  frog's  egg  to  segment, 
while  needles  have  been  thrust  by  the  writer  all  the  way  through  sea 
uirchiu's  eggs  without  causing  either  segmentation  or  death. 

0.  Warburg  has  shown  that  the  respiration  of  all  developing  eggs 
is  high,  regardless  of  the  methods  used  to  cause  segmentation.  Bespi- 
ration  is  therefore  essential  to  development.  Cleavage  once  started  may 
be  slowed  or  stopped  entirely  without  materially  decreasing  respiration, 
indicating  that  respiration  is  not  a  result  of  cleavage.  In  order  to  dis- 
cuss the  relation  of  respiration  to  development,  it  is  necessary  to  go 
more  into  detail  on  the  general  question  of  respiration. 

Oxidation  ob  Cell  Ebspikation 

As  is  well  known,  the  heat  of  a  fiame  is  unnecessary  for  the  burning 
(oxidation)  of  many  substances.  For  example,  coal  oxidizes  slowly  in 
the  air,  decreasing  in  weight,  a  fact  which  has  led  to  efforts  to  preserve 
its  fuel  value  by  keeping  it  under  water.  Naturally,  even  slow  com- 
bustion generates  heat,  and  if  the  heat  be  confined,  results  in  spon- 
taneous combustion,  i.  e.,  the  raising  of  the  temperature  to  the  flame 
point. 
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Many  substances  burned  in  the  body — sugar,  for  example — ^may 
undergo  slow  oxidation  in  alkaline  solution  in  the  presence  of  atmos- 
pheric oxygen  (0^).  In  the  body,  however,  it  is  burned  at  a  faster 
rate,  leading  to  the  conclusion  that  some  other  substance  or  substances 
are  necessary.  The  search  for  such  substances  has  led  to  the  discovery 
of  so  called  oxidizing  enzymes,  which  oxidize  many  organic  substances. 
It  is  characteristic  of  an  enzyme,  however,  that  it  accelerates  but  one 
reactioQ.  For  the  complete  oxidation  of  grape  sugar,  for  instance,  it  is 
supposed  that  a  series  of  enzymes  is  necessary.  This  must  remain  for 
some  time  a  supposition,  as  no  pure  substance  or  mixture  of  soluble 
substances  has  been  extracted  from  the  body  that  will  completely  oxidize 
grape  sugar. 

It  might  be  concluded  that  ''life''  is  essential  to  such  oxidations, 
but  such  is  not  the  case.  In  some  instances  ground  up  tissue,  free 
from  entire  cells,  absorbs  oxygen  and  gives  out  CO,  at  a  rapid  rate. 
It  is  evident  that  some  substances  are  completely  oxidized  in  the  process. 
The  question  has  been  raised  as  to  whether  the  cell  structure  which  has 
not  been  completely  destroyed  in  grinding  the  tissue  be  necessary  for 
the  oxidation.  In  certain  experiments  Harden  and  McLean  failed  to 
observe  respiration  in  juice  pressed  out  of  muscles  and  other  tissues. 
Warburg  and  Meyerhof  ground  nucleated  red-blood  corpuscles  with 
sand,  finding  that  the  mass  did  not  absorb  oxygen  or  give  out  CO,^ 
whereas  the,  original  cells  did.  Warburg  tried  to  destroy  the  structure 
completely  by  grinding  corpuscles  in  a  steel  box;  with  steel  spheres 
rotating  at  such  high  speed  it  was  found  necessary  to  cool  the  box  with 
ice  in  order  to  prevent  injury  to  the  corpuscles  by  heat  (Barnard  & 
Hewlett  apparatus).  All  microscopic  structure  was  destroyed  and  res- 
piration ceased. 

In  other  experiments,  Warburg  ground  up  liver  cells,  passing  the 
juice  through  a  Berkefeld  filter.  The  respiration  of  the  juice  was  but 
five  per  cent,  of  that  of  the  corresponding  amount  of  liver  cells.  But 
when  a  coarser  filter  was  used  which  allowed  the  passage  of  cell  granules, 
the  oxidation  was  found  to  increase  to  twenty  per  cent,  of  that  of 
intact  cells. 

If  blood  corpuscles  be  placed  in  water,  or  in  certain  solutions,  the 
hemoglobin  passes  out  of  them,  they  become  pale  and  are  called 
"ghosts.'*  This  liberation  of  the  hemoglobin,  known  as  "laking,"  is 
a  kind  of  cjrtolysis.  Warburg  laked  nucleated  red-blood  corpuscles  of 
a  goose,  finding  that  respiration  continued  in  the  "  ghosts,'*  but  did  not 
occur  in  the  fluid  procured  by  laking. 

Such  experiments  seem  to  show  that  the  presence  of  solid  str^ictures, 
granules,  etc.,  accelerates  the  respiration,  since  no  substances  were  elimi- 
nated in  the  process  of  grinding.  It  is  possible  that  the  solid  structures 
act  in  the  same  way,  as  does  finely  divided  platinum  (called  platinum 
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black) ^  which  accelerates  certain  chemical  reactions  by  the  condensation 
of  the  reacting  substances  on  the  surface  of  the  platinum^  and  their 
consequent  increase  in  concentration.  This  process  of  condensation  on 
surfaces  is  called  adsorption.  Warburg  supposes  that  the  oxidizing  en- 
zymes, ozidizable  substances  and  oxygen  are  condensed  on  '^  surfaces/' 
thus  causing  the  oxidation  rate  to  increase,  but  what  surfaces  he  means 
it  is  difficult  to  determine,  in  some  places  apparently  referring  to  sur- 
faces of  granules  or  colloidal  particles,  in  others  to  cell  or  nuclear 
surfaces. 

The  adsorption  of  easily  adsorbed  substances  may  retard  or  prevent 
entirely  the  adsorption  of  others  less  readily  adsorbed.  Warburg  found 
that  anesthetics  reduced  the  respiration  of  a  mass  of  cell  granules,  pre- 
sumably by  driving  the  enzymes  or  oxidizable  substances  from  their 
surfaces.  He  further  observed  that  animal  charcoal  in  water  oxidized 
oxalic  acid  to  CO2,  whereas  if  anesthetics  were  added  the  oxidation  was 
reduced. 

Warburg  and  Meyerhof  found  that  the  respiration  of  sea-urchinsf 
eggs  was  not  entirely  destroyed  by  grinding  with  sand,  presumably  be- 
cause the  cell  granules  were  left  intact.  They  explain  it,  however,  as 
an  auto-oxidation  or  spontaneous  oxidation  of  lecithin  in  the  presence 
of  iron  salts,  the  oxidation  taking  place  in  the  test  tube.  Warburg 
found  iron  and  lecithin  in  the  sea-urchin  eggs  and  observed  that  if  the 
total  lecithin  that  could  be  extracted  from  a  mass  of  eggs  were  mixed 
with  a  dilute  solution  of  iron  chloride,  the  oxidation  was  as  great  as 
that  of  the  mass  of  ground  cells.  From  his  data  we  conclude  that  the 
mass  of  ground  unfertilized  egg&  undergoes  the  same  oxidation  as  does 
the  same  mass  of  cells  if  it  were  fertilized  before  grinding.  Warburg 
interprets  this  as  indicating  that  the  oxidation  of  unfertilized  ^gs  is 
due  to  auto-oxidation  of  lecithin,  and  that  the  increase  in  oxidation  on 
fertilization  is  due  to  increase  in  structure  (surfaces).  Since  mechan- 
ical agitations,  however,  may  cause  the  eggs  to  develop,  it  is  possible 
that  the  grinding  first  stimulated  each  egg  to  as  great  respiration  as 
that  of  a  fertilized  egg,  but  the  crushing  and  subsequent  mixing  of  sub- 
stances reduced  the  oxidation.  It  is  interesting  to  note  that,  whereas 
unfertilized  as,  well  as  fertilized  eggs  absorb  oxygen  and  give  off  CO,, 
ground  eggs  or  lecithin  and  iron  mixtures  do  not  give  off  CO^,  indi- 
cating oxidation  is  not  complete. 

Eelation  op  Oxidation  to  Permeability 

B.  Lillie  supposed  the  oxidation  within  the  unfertilized  eggs 
to  be  suppressed  by  an  accumulation  of  some  end  product  of  oxidation 
that  could  not  escape.  It  is  possible  that  such  a  substance  might  act 
like  an  anesthetic  and  suppress  oxidation  by  adsorption  to  the  granules. 
Lillie  supposed  this  substance  to  be  carbonic  acid,  but  this  is  hard  to 
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believe  when  we  bear  in  mind  that  the  egg  may  be  caused  to  develop 
by  short  exposure  to  carbonic  acid.  On  fertilization  this  hypothetical 
substance  would  be  liberated  and  could  be  collected.  Glaser  fertilized 
quantities  of  eggs  in  a  small  amount  of  sea  water.  On  using  the  same 
water  in  which  to  develop  other  fertilized  eggs,  he  found  it  inhibited 
their  development,  radicating  the  presence  of  an  inhibiting  substance 
that  came  out  of  the  first  eggs  on  fertilization.     (Was  this  CO,?) 

LoeVs  "improved  method  of  artificial  parthenogenesis**  claims  two 
treatments  of  the  eggs  to  be  necessary.  They  are  first  to  be  stimulated 
to  development  by  use  of  fatty  acid,  or  some  other  method,  and  then 
exposed  to  a  hypertonic  solution.  The  latter  he  calls  a  ''corrective 
agent**  and  supposes  that  it  changes  the  character  of  the  oxidation  in 
the  egg,  since  he  observes  no  effect  on  the  rate  of  oxidation  in  the  devel- 
oping eggs.  It  is  hard  to  conceive  of  such  a  change  in  ''character,*' 
since  oxidation  means  union  with  oxygen  and  there  is  but  one  kind  of 
oxygen  atom  in  combinations.  The  oxygen  might  attack  different  sub- 
stances, but  IQ  such  cases  different  amounts  of  heat  would  be  given  off, 
the  heat  of  combustion  of  fats  and  carbohydrates,  for  instance,  differing 
in  amount.  Meyerhof  showed  that  the  ratio  of  oxygen  used  to  heat 
produced  was  the  same  for  eggs  in  the  hypertonic  solution  as  in  sea 
water.  When  we  consider  that  by  the  use  of  either  fatty  acid  or  hyper- 
tonic solution  alone,  sea-urchin  {Arbacia)  eggs  may  be  made  to  de- 
velop, it  seems  unnecessary  to  devote  more  time  to  their  combined  effect. 

Belatiok  of  Anesthesia  to  Development  op  the  Egg 

Anesthetics  have  a  depressant  action  on  various  cell  activities  when 
used  in  certain  concentration.  They  decrease  the  respiration  and  rate 
of  cleavage  of  sea-urchin  eggs  (and  asphyxiation  will  cause  cleavage  to 
cease) .  It  may  therefore  be  supposed  that  it  is  the  suppression  of  oxida- 
tion by  anesthetics  that  suppresses  cleavage.  Warburg,  however,  caused 
the  almost  complete  cessation  of  cleavage  in  sea-urchin  eggs  with  anes- 
thetics without  appreciably  lowering  the  respiration.  It  may  be  that 
the  anesthetic  acta  in  one  part  of  the  cell  (on  the  surface  of  the  gran- 
ules) in  suppressing  oxidation,  and  in  another  (on  the  cell  surface)  in 
suppressing  cleavage. 

In  1909,  while  measuring  the  electric  conductivity  of  sea  urchins* 
eggs,  the  writer  observed  the  decrease  in  conductivity  on  the  addition 
of  a  certain  per  cent  of  chloroform.  This  experiment  was  not  repeated, 
but  we  may  imagine  that  the  chloroform  decreased  the  permeability  of 
the  eggs  to  ions.  Osterhout,  beconung  interested  in  the  methods  used, 
modified  them  for  use  with  plants,  and  observed  a  decrease  in  electric 
conductivity  of  certain  plants  (kelp)  when  using  a  certain  concentra- 
tion of  anesthetic,  indicating  that  the  anesthetic  decreased  permeability. 
B.  Lillie  found  that  anesthetics  might  antagonize  the  action  of  the  pure 
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salt  solutions  used  to  cause  eggs  to  develop^  presumably  preventixig  the 
increase  in  permeabilily  usually  caused  by  the  salt  solution. 

The  use  of  fish  eggs  in  settling  this  question  presented  itself  to  the 
writer.  It  was  found  that  the  eggs  of  the  pike  will  develop  in  distilled 
water  and  are  practically  impermeable  to  salts — ^that  is  to  say^  that 
the  salts  which  they  contain  diffuse  out  of  them  only  in  such  small 
quantities  as  to  render  detection  almost  impossible  even  with  as  sensi- 
tiye  an  instrument  as  the  nephelometer.  It  was  found,  further^  that 
pure  solutions  of  sodium  nitrate  increased  the  permeability  of  the  eggs 
to  chlorides  (since  the  chlorides  diffused  rapidly  from  the  eggs).  The 
use  of  anesthetics  prevented  the  effect  of  nitrates  on  the  permeability 
of  the  eggs,  so  that  the  chlorides  failed  to  diffuse.^ 

It  is  thus  evident  that  the  problem  of  parthenogenesis  is  closely 
interwoven  with  fundamental  problems  of  physiology — stimulation, 
oxidation  and  anesthesia;  and  that  the  final  elucidation  of  partheno- 
genesis and  fertilization  must  wait  on  the  solution  of  these  other  prob- 
lems. On  the  other  hand,  the  systematic  study  of  parthenogenesis  has 
already  shed  much  light  on  general  physiology,  and  progress  will  be 
more  certain  if  all  of  these  problems  be  kept  before  the  mind  of  the 
investigator. 

7  Science,  1914,  YoL  40,  p.  214. 
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If  the  frog's  egg  is  removed  from  the  body  of  the  female  and  placed 
in  water  it  soon  dies  and  disintegrates.  This  is  true  whether  the  egg 
is  removed  from  the  ovary,  the  body  cavity  or  the  oviduct.  Even 
though  the  egg  were  laid  in  \he  normal  fashion,  it  would  die  if  not 
stimulated  by  a  spermatozoon  or  in  some  other  manner.  Bataillon^ 
was  able  to  cause  unfertilized  frog's  eggs  to  segment  by  pricking  them 
with  a  needle.  But  I  (1)  found  that  a  much  more  convenient  and  ef- 
ficient method  of  causing  them  to  segment  is  to  stimulate  them  with 
the  ordinary  110-volt  alternating  current  from  carbon  or  platinum 
electrodes  placed  about  two  inches  apart  in  the  water  containing  the 
eggs,  for  about  one  second.  Bataillon  thinks  the  introduction  of  a  for- 
eign protein,  such  as  is  used  to  induce  anaphylaxis,  is  necessary  for  the 
development  of  these  eggs.  I  found  the  jelly  in  which  the  eggs  are 
imbedded  to  be  permeable  to  hemoglobin,  and  it  is  possible  to  think 
of  protein  diffusing  in  without  the  needle  prick.  But  eggs  removed  so 
carefully  that  there  is  no  possibility  of  foreign  protein  gaining  access  to 
them,  segment  when  stimulated  electrically.  It  is  certain  that  no  for- 
eign protein  is  necessary  for  the  beginning  segmentation  of  this  egg, 

*  The  nephelometer  used  in  this  work  was  bought  with  a  grant  from  the  Re- 
search Fund  of  the  Graduate  School . 

*  Bataillon:  Comptes  Rendus  de  la  Soci^t^  de  Biologic,  1911,  Ixx,  562. 
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though  it  may  be  necessary  for  its  later  development.  In  the  leopard 
frog,  Rana  pipiens,  this  segmentation  usually  stops  before  the  first  cy- 
toplasmic division  is  completed,  although  nuclear  divisions  may  con- 
tinue for  several  dajrs. 

The  initiation  of  cleavage  in  the  frog's  egg  by  the  simple  prick  of  a 
needle,  which  I  have  observed  in  American  frogs,  might  be  interpreted 
as  increased  permeability.  Since  I  have  shown  that  electrical  stimu- 
lation of  muscle  causes  increased  permeability  (2),  electrical  stimulation 
of  these  eggs  might  be  supposed  to  have  the  same  effect.  In  order  to 
determine  this  point,  I  made  some  preliminary  experiments  last  year, 
but  owing  to  difficulty  in  obtaining  material,  could  offer  but  meagre 
data  to  prove  the  point  (3).  This  year  the  leopard  frogs  bred  in  the 
laboratory,  and  furnished  abundant  material. 

A  large  number  of  females  of  the  same  size,  and  that  were  clasped  by 
males,  were  placed  in  a  tank  with  two  inches  of  water.  As  soon  as  a 
female  deposited  her  eggs,  these  were  carefully  removed  to  distilled 
water.  Two  females  were  opened  and  their  eggs  placed  in  separate 
dishes  of  distilled  water,  one  as  a  control  and  the  other  for  electrical 
stimulation. 

In  removing  the  eggs,  the  female  was  washed  free  from  sperm,  the 
head  cut  off,  most  of  the  viscera  removed  and  the  blood  washed 
out.  The  distended  oviducts  were  carefully  removed  and  the  blood 
washed  out  of  the  vessels  in  their  walls.  A  hole  was  made  in  each 
oviduct  and  it  was  dragged  across  the  floor  of  a  dry  glass  dish,  leaving 
a  trail  of  adhesive  eggs.  When  distilled  water  was  added  the  eggs  re- 
mained adhering  to  the  glass. 

In  order  to  guard  against  slight  differences  in  the  masses  of  eggs, 
the  two  oviducts  of  one  female  were  emptied  in  separate  dishes  and 
one  used  as  an  unfertilized  control  and  the  other  stimulated  electrically. 
The  batch  of  fertilized  eggs  of  another  female  was  cut  in  two  equal 
parts,  and  one  part  placed  in  a  third  dish. 

The  eggs  were  washed  in  repeated  changes  of  distilled  water  for  an 
hour.  During  this  time  the  gelatinous  coverings  of  the  eggs  partially 
swelled.  The  sperm  traverses  the  jelly  and  reaches  the  inseminated 
eggs  in  about  one  hour,  and  the  eggs  rotate  until  their  black  poles  are 
turned  upward.  It  is  now  time  to  stimulate  the  unfertilized  eggs  in 
one  dish.  Two  clean  platinum  electrodes,  about  one  inch  apart  are 
passed  along  opposite  sides  of  each  row  of  eggs,  until  all  of  the  eggs  in 
the  dish  have  been  stimulated.  These  eggs  now  begin  to  rotate,  and 
some  of  them  are  completely  rotated  in  one  minute.     If  the  rows  of 
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eggs  are  slender  so  that  the  jelly  is  uniformly  swollen,  all  of  the  eggs  ro- 
tate at  about  the  same  time.  None  of  the  eggs  in  the  unfertilized  con- 
trol rotate,  no  matter  how  much  the  jelly  swells.  This  is  due  to  the 
fact  that  the  jelly  sticks  tight  to  the  egg,  whereas  when  they  are  stimu- 
lated, a  fluid  is  secreted  between  the  egg  and  the  jelly. 

The  water  is  now  poured  or  syphoned  off  of  all  the  eggs  and  a  meas- 
ured quantity  added  to  each  dish.  Ordinary  distilled  water  was  boiled 
and  redistilled  in  an  automatic  quartz  apparatus  (4)  and  used  in  the 
experiments.  At  the  end  of  certain  intervals  of  time,  the  water  in 
each  dish  is  stirred,  and  25  cc.  removed  for  analysis  of  chlorides  with 
the  nephelometer.  At  the  end  of  seven  hours  all  of  the  water  is  re- 
moved from  all  of  the  eggs.  An  aliquot  part  of  it  is  evaporated  in 
quartz  for  ash.  Water  is  added  to  all  of  the  eggs  and  another  series 
of  determinations  made. 

The  following  table  gives  a  sufficient  number  of  the  results  to  indi- 
cate their  character. 


NO.  or  OVIDUCTS  TO 
EACH  DISH 


1  unfertilized 
I  stimulated. 

1  fertilized. . . 

2  unfertilized 
2  stimulated. 
2  fertilized. . . 
4  unfertilized 
4  stimulated. 
4  fertilized. . . 


oc.  HtO 

cc.  or  A  li 

B  KOBMAL  CHLOKIDE  SOL. 
IN  HsO 

0-3.5  hrs. 

0-7  hre. 

7-30  hrs. 

500 

0.70 

1.20 

0.38 

500 

1.40 

2.24 

1.22 

500 

1.22 

2.20 

1.20 

1000 

1.40 

2.40 

1.42 

1000 

1.90 

3.60 

2.40 

1000 

1.80 

4.20 

2.00 

2000 

2.80 

4.80 

3.00 

2000 

4.00 

7.60 

4.80 

2000 

3.80 

7.20 

4.20 

QBAMS   ASH 
INH>0 


0-7  hre. 

0.005 
0.008 
0.007 
0.015 
0.024 
0.023 
0.031 
0.053 
0.045 


The  first  column  shows  the  number  of  oviducts  used  in  supplying 
each  dish  with  eggs,  and  the  second  gives  the  number  of  cc.  H2O  added. 
In  the  first  3.5  hours  as  much  chloride  diffused  out  of  the  eggs  as  in  23 
hours,  beginning  with  the  eighth  hour.  The  table  gives  the  total  quan- 
tity of  CI  in  the  H2O  as  calculated  from  analysis  of  a  25  cc.  sample, 
and  the  result  may  be  converted  into  grams  by  multiplying  by  0.035. 

In  obtaining  the  ash,  three-fourths  of  the  H2O  was  evaporated  down 
in  quartz  beakers.  During  the  evaporation  the  foam  was  skimmed  off 
and  transferred  to  a  platinum  crucible.  When  the  volume  of  the 
water  was  reduced  to  a  few  cc.  it  was  transferred  to  the  crucible.     The 
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ajshing  was  done  at  as  low  a  temperature  as  possible  by  admitting  air 
into  the  crucible  through  a  small  metal  tube  while  it  was  heated.  Some 
chlorides  may  have  been  lost,  but  the  results  are  comparative.  The 
ash  was  foimd  to  contain  about  60  per  cent  of  insoluble  salts  and  40 
per  cent  of  soluble  salts.  The  ash  contain^  Na,  Li,  K,  Ca,  Mg,  CI, 
SO4  and  COa,  but  no  phosphates  were  detected.  The  metals  were  de- 
tected in  the  flame  spectrum  and  the  spark  spectrum  (fulgurator). 
Mg  was  also  detected  by  means  of  the  displacement  of  the  bands  of 
alkanin.  Na  was  also  determined  quantitatively  as  sodium  uranyl  ace- 
tate and  as  silicofluoride  but  the  quantities  were  too  small  to  be  accur- 
ate. SO4  was  precipitated  with  BaOH,  and  COj  driven  out  of  the  dry 
ash  with  acid. 

The  diffusion  of  salts  from  the  electrically  stimulated  eggs  is  about 
the  same  as  from  the  fertilized  eggs,  but  nearly  double  that  from  the 
unfertilized  eggs.  This  difference  was  found  to  continue  for  50  hours, 
when  the  determinations  were  discontinued  as  the  unfertilized  control 
had  died. 

In  making  prolonged  experiments  it  is  important  to  change  the  water 
frequently  in  order  to  keep  down  the  bacteria,  which  might  bind  the 
salts  or  interfere  with  the  nephelometer  reading.  In  previous  years,  I 
have  charred  and  extracted  the  samples  before  nephelometric  deter- 
minations, but  think  it  a  bad  practice  and  only  necessary  in  the  pres- 
ence of  bacteria  or  protein.  The  traces  of  dissolved  glyco-protein  from 
the  jelly  did  not  cause  a  measurable  error  as  a  great  excess  of  AgNOj 
(5  drops  of  a  saturated  solution)  was  added  to  the  25  cc.  sample,  and 
the  reading  was  taken  in  one  minute,  whereas  several  hours  are  re- 
quired for  perceptible  reduction  of  silver  by  these  solutions  in  the  in- 
tensity of  light  to  which  they  were  exposed.  I  found  it  advantageous 
to  use  open  tubes  closed  at  one  end  with  black  rubber  stoppers  in  the 
nephelometer,  in  order  to  avoid  the  reflection  from  the  bottom  of  t^st 
tubes,  but  this  was  not  absolutely  necessary  with  the  Richards  neph- 
elometer, because  a  part  of  the  large  field  shows  no  reflections,  and  test 
tubes  can  be  more  easily  cleaned. 

The  supposed  relation  between  increased  permeability  and  cleavage 
has  been  fully  discussed  in  a  previous  paper  (5)  in  which  I  showed  that 
an  increase  in  permeability  of  the  sea  urchin's  egg  was  produced  by  any 
treatment  which  causes  cleavage. 

The  fertilized  or  stimulated  frog's  egg  may  live  a  long  time,  whereas 
the  unfertilized  frog's  egg  soon  dies  when  placed  in  water.  The  ques- 
tion arises  whether  the  increased  permeability  saves  the  life  of  the  egg. 
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Id  order  to  decide  this  we  must  first  consider  the  effect  of  water  on  the 

egg. 

The  frog's  egg  swells  when  placed  in  water,  and  I  found  that  the  un- 
fertilized egg  swells  more  than  the  fertilized  or  stimulated  egg,  until 
the  death  of  the  former  terminates  the  physiological  comparison.  In 
eggs  of  the  same  female,  the  mean  diameter  of  23  unfertilized  eggs  30 
minutes  after  being  placed  in  water  was  1.52  mm.  whereas  the  mean 
diameter  of  23  that  had  been  stimulated  by  the  electric  current  and 
left  in  water  30  minutes  was  1.47  mm.  After  cleavage  begins  the  esti- 
mation of  the  volume  of  the  eggs  becomes  more  difficult,  and  on  the 
formation  of  spaces  between  the  cells  of  the  fertilized  egg  the  apparent 
volume  is  much  greater  than  the  real  volume  of  the  protoplasm.  But 
I  think  that  one  effect  of  fertilization  is  clearly  the  retardation  of  the 
swelling  of  the  egg.  One  need  only  suppose  that  the  death  of  the  un- 
fertilized egg  is  caused  by  rapid  sweUing,  in  order  to  explain  the  life- 
saving  action  of  fertilization  or  stimulation.  Bachman  found  the 
unfertilized  salamander  egg  bursts  in  two  to  seven  hours  if  placed  in 
water  but  not  if  in  salt  solution.  It  is  not  so  easy  to  determine  the  ex- 
act moment  of  death  of  the  frog's  egg. 

The  retardation  of  the  swelling  of  the  fertilized  or  stimulated  egg  is 
evidently  due  to  the  loss  of  osmotic  substances,  such  as  the  salts  which 
I  have  given  in  the  above  table.  At  the  moment  of  increase  in  permea- 
bility, a  concentrated  solution  of  these  substances  passes  from  the  egg 
and  pushes  out  an  adhering  membrane  which  we  may  call  the  fertili- 
zation membrane.  Bialaszewicz'  claims  that  a  measurable  decrease  in 
volume  of  the  egg  takes  place  at  this  time.  We  may  take  this  de- 
crease in  volume  of  the  egg  to  equal  the  volume  of  the  secreted  fluid, 
but  after  this  perivitelline  fluid  has  once  been  secreted  it  increases  by 
absorption  of  water  through  the  fertilization  membrane.  I  found  this 
membrane  to  be  easily  permeable  to  salts  since  it  cannot  be  easily 
plasmolyzed  (shrimken)  by  immersion  in  hypertonic  salt  solutions. 
Hence  it  is  probable  that  the  perivitelline  fluid  contains  other  less  dif- 
fusible substances.  An  analysis  of  the  perivitelline  fluid  of  the  Am- 
blystoma  egg  showed  that  it  contained  salts  and  organic  substances 
but  only  a  trace  of  protein.  The  perivitelline  fluid  of  the  egg  of  the 
giant  salamander  contained  0.16  per  cent  of  dissolved  substances. 
Backman  and  Runnstrom*  suppose  these  substances  to  be  chiefly  se- 
creted by  the  suckers  that  develop  on  the  head  of  the  frog  embryo, 

*  Bialaszewicz :  Bull.  Acad.  Sc.  Cracow,  Math.-Nat.,  Oct.  1908. 

*  Backman  and  Runnstrom:  Pfliiger's  Archiv,  1912,  cxliv,  313. 
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but  this  is  hardly  in  hannony  with  the  fact  that  the  salamander  embrycNs 
have  no  suckers. 

The  function  of  the  perivitelline  fluid  seems  to  be  to  make  room  for 
rotation  of  the  egg  and  extension  of  the  embryo,  by  pushing  out  the 
fertilization  membrane,  which  is  chiefly  effected  by  the  osmotic  pres- 
sure of  the  dissolved  substances  that  it  contains.  The  loss  of  salts 
must  be  more  or  less  independent  of  this,  since  salts  are  lost  continu- 
ously during  development,  and  salts  would  not  be  very  effective  in 
pushing  out  the  membrane  since  it  is  permeable  to  them. 

This  loss  of  salts  explains  the  results  of  Backman  and  Runnstrom^ 
who  found  that  the  osmotic  pressure  of  the  frog's  egg  is  reduced  when 
it  is  fertilized  and  placed  in  water.  They  attempt  to  explain  it,  how- 
ever, by  erroneously  assuming  that  fertilization  causes  a  coagulation 
of  the  proteins  and  that  the  coagulation  adsorbs  the  salts.  They  seem 
to  consider  this  egg  as  a  diphasic  system  in  which  the  watery  phase 
forms  the  main  bulk  of  the  egg.  On  the  contrary,  I  found  the  cyto- 
plasm to  be  a  4-phase  system  in  which  the  watery  phase  is  a  very 
small  fraction  of  the  total  volume  (6).  The  salt  would  have  to  be  lost 
from  this  watery  phase  only,  in  order  to  reduce  the  osmotic  pressure 
of  the  egg,  and  the  more  permeable  the  plasma  membrane  is  to  them 
the  less  osmotic  pressure  they  can  exert  while  in  the  egg.  I  found  the 
watery  phase  to  be  16  per  cent  of  the  whole  egg  and  to  contain  82  per 
cent  water  (7).  These  figures  are  a  little  too  high  owing  to  slight  ad- 
mixture of  other  phases,  but  after  removal  of  these  and  of  the  dissolved 
proteins,  the  water-soluble  substances  in  this  layer  formed  only  1.7 
per  cent  of  the  weight  of  the  egg. 

The  chlorides  diffusing  out  of  the  egg  in  seven  hours  would  make  a 
solution  in  the  watery  phase  more  concentrated  than  i-J-^  normal  and 
the  total  salts  diffusing  out  in  this  time  would  form  nearly  1  per  cent 
of  the  watery  phase.  Since  the  osmotic  pressure  of  the  ovarian  egg 
corresponds  to  a  0.166  normal  solution  of  NaCl  and  is  probably  lowered 
in  the  passage  of  the  egg  through  the  oviduct,  the  increased  permeabiUty 
and  diffusion  seem  to  be  sufficient  to  account  for  the  failure  of  the  egg 
to  die  in  the  very  hypotonic  water  in  which  it  develops. 

By  an  analysis  of  the  ovarian  eggs,  I  found  that  the  chlorides  were 
not  sufficient  to  raise  the  osmotic  pressure  of  the  watery  phase  to  equal 
that  of  frog's  blood  or  a  0.166  normal  NaCl  solution,  and  that  they 
were  not  bound  during  coagulation  of  the  protein  (furthermore  there  is 

*  Backman  and  Kunnstrom:  Biochem.  Zeitsch.,  1909,  390. 
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These  salts  are  not  entirely  without  toxic  action,  for  this  is  mani- 
fested in  the  swelling  of  serous  cavities.  The  swelUng  of  the  pericar- 
dium is  greater  in  lithium  solutions  than  in  isotonic  solutions  of  Na  or 
K.  In  more  concentrated  solutions,  the  individual  cells  separate  from 
one  another,  a  condition  which  Roux  called  framboisea  of  the  embryo. 

A  marked  contrast  exists  in  the  effects  of  pure  salt  solutions  on  the 
eggs  of  the  frog  and  those  of  many  fish.  These  fish  eggs  are  normally 
impermeable  to  salts  and  water  and  the  osmotic  effects  are  never  ob- 
served. The  toxic  effects  of  salts  are,  however,  more  manifest  (11). 
These  toxic  effects,  resulting  in  the  swelling  of  serous  cavities  and 
other  abnormalities,  are  associated  with  increase  in  permeability  (12). 
Though  a  slight  increase  in  permeability  does  no  damage,  a  greater 
increase  causes  abnormalities  and  a  still  greater  increase  causes  death. 
It  is  probable  that  the  swelUng  of  the  pericardium  of  the  frog's  egg  is 
produced  by  increase  in  permeability  in  the  same  way  as  the  swelling 
of  the  pericardium  of  the  fish  egg.  The  difference  between  the  two  is 
that,  whereas  the  fish  egg  is  normally  impermeable  to  salts  and  to  water, 
the  frog's  egg  is  permeable  to  water  and  to  a  less  degree  to  salts.  Fer- 
tilization increases  this  permeability  to  the  optimum  degi*ee,  and  pure 
salt  solutions  increase  it  too  much. 

SUMMARY 

Fertilization  or  electric  stimulation  increases  the  permeabiUty  of  the 
frog's  egg  so  that  Na,  K,  Li,  Mg,  Ca,  CI,  SO4  and  COs  diffuse  out  at  a 
faster  rate.  Probably  the'swelling  of  the  pericardium,  due  to  the  ac- 
tion of  pure  salt  solutions,  is  caused  by  too  great  increase  in  permea- 
bility. Notwithstanding  the  outward  diffusion  of  salts,  the  egg  ab- 
sorbs water,  and  the  addition  of  osmotic  substances  to  the  medium, 
preventing  the  absorption  of  water,  prevents  the  segmentation  of  the 
white  hemisphere,  and  gastrulation. 

The  abnormally  rapid  swelUng  of  the  unfertilized  egg  probably  is  the 
cause  of  its  death,  and  thus  the  increase  in  permeability  on  fertilization 
lowers  the  osmotic  pressure  and  saves  its  life. 

The  low  osmotic  pressure  of  the  egg  observed  by  Backman  and  Runn- 
strom  was  probably  caused  by  three  processes:  (1)  The  lowering  of 
the  osmotic  pressure  as  the  egg  descends  the  oviduct;  (2)  the  increased 
permeability  and  loss  of  salts;  (3)  the  admixture  of  jelly  of  low  osmotic 
pressure  with  the  eggs  in  taking  the  freezing  point. 
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Since  the  extensive  analyses  of  Fdrchhammer  and  Dittmar,  the  relative 
concentration  of  the  chief  salts  in  sea  water  has  been  accurately  known, 
the  differences  in  the  results  of  different  investigators  only  slightly  ex- 
ceeding the  differences  in  the  values  of  the  atomic  weights  that  they  used. 
Omitting  regions  affected  by  land  drainage  and  the  melting  of  the  polar 
ice  caps,  ocean  surface  salinity  (gm.  of  total  salts  per  kilo)  varies  only  from 
about  33  to  38,  the  most  dilute  region  being  the  North  Pacific.  The  known 
ocean  currents  affect  only  the  surface  layers,  but  there  is  probably  a  drift 
of  the  bottom  water  chiefly  from  the  South  and  less  from  the  North  Polar 
regions  toward  the  equator,  which  could  take  place  at  a  depth  of  4,000 
meters  without  obstruction.  The  evidence  for  this  is  the  fact  that  the 
depths  of  the  oceans  have  a  remarkably  uniform  salinity  of  nearly  35  and 
temperature  of  about  2**  which  is  much  above  the  temperature  of  maximum 
density,  and  are  fairly  well  oxygenated.  It  seems  safe  to  infer,  therefore, 
that  all  surface  water  has  comparatively  recently  come  from  the  depths 
under  the  equator. 

Dittmar  showed  that  there  is  proportionately  0.44  per  cent  more  CaCOt  at 
the  bottom  than  at  the  surface,  due  to  the  solution  of  pelagic  shells  by 
means  of  the  COi  from  organic  decomposition.  It  is  evident,  therefore, 
that  the  CaCOi  brought  from  the  depths  and  from  the  land  is  precipitated 
in  surface  water,  especially  in  the  tropics.  Drew  supposes  that  this  is 
not  done  entirely  by  the  formation  of  shells  and  skeletons,  but  also  by  the 
action  of  denitrifying  bacteria  which  increases  the  alkalinity  of  the  water 
by  removal  of  nitrates  until  the  solubility  product  for  CaCOi  is  exceeded. 
Palitzsch  has  shown  that  the  alkalinity  of  the  sea  varies  inversely  with  the 
depth,  but  this  is  probably  largely  the  result  of  changes  in  COt  content  due 
to  the  S3mthesis  of  organic  matter  at  the  surface  and  its  decomposition  in 
the  depths,  and  less  to  the  changes  in  nitrates,  especially  since  nitrates 
and  ammonia  vary  in  the  same  direction.  The  effect  of  denitrifying  bac- 
teria is  probably  greatest  where  the  sea  is  diluted  with  fresh  water.    I 
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found  that  CaCOi  began  to  precipitate  on  the  glass  when  the  Pb  (="  ~  logH* 
concentration)  was  kept  at  8.26,  although  the  addition  of  CaCls  causes 
no  precipitation. 

In  selecting  a  place  to  study  sea  water,  the  coast  laboratories 
are  to  be  avoided,  owing  to  the  drainage  of  the  land.     Therefore 
it  was  decided  to  go  to  Tortugas,  Florida,  where  the  water  may 
be  considered  ocean  water  since  it  is  a  deep  blue  with  an  average 
salinity  of  36  (35.23  to  36.09)  (Dole)  and  is  remarkably  free  from 
plankton  or  sediment.    The  scarcity  of  life  is  probably  due  to  the 
lack  of  fixed  nitrogen  as  I  found  0.0085  mg.  of  NHs  in  a  liter  and 
hardly  a  trace  of  nitrates  in  2  liters.    Since  Tortugas  is  about 
600  miles  from  the  mouth  of  the  nearest  large  river,  the  accession 
of  fixed  nitrogen  from  the  land  is  negligible,  and  its  marine  flora 
is  dependent  on  that  coming  up  from  the  depths  or  down  with  the 
rain,  which  escapes  the  action  of  the  denitrifying  bacteria. 

The  temperature  of  the  Tortugas  laboratory  (which  is  practi- 
cally in  the  sea)  showed  a  diurnal  rhjrthm  of  about  25-31°,  and 
a  general  drift  of  about  2°  during  the  season.  Most  of  the  ex- 
periments were  done  at  a  temperature  of  29.75-30.25®.  The 
temperature  of  the  sea  was  not  taken  regularly,  but  it  was  always 
near  29°. 

The  special  Leeds  and  Northrup  potentiometer  (reading  to  0.5  milli- 
volt), Weston  cell  (of  the  unsaturated  type),  and  weights  (used  in  making 
the  solutions)  had  just  been  standardized  by  the  United  States  Bureau 
of  Standards.  The  calomel  electrodes  were  made  as  follows:  A  round- 
bottomed  100  cc.  cylinder,  with  a  side  neck  attached  near  the  top  and 
bending  down  to  the  bottom,  was  supplied  with  a  large  platinum  electrode 
fused  in  the  bottom.  Redistilled  mercury,  purified  by  shaking  in  a  shak- 
ing machine  for  30  minutes  with  each  of  several  changes  of  3  per  cent  nitnc 
acid,  was  dissolved  in  nitiic  acid,  and  this  mercuro-nitrate  was  used  id 
making  the  mercury  by  electrolysis.  The  electrode  was  filled  with  the 
mer euro-nitrate  and  the  side  neck  dipped  into  a  vessel  of  merouro-nitrate 
containing  a  platinum  anode.  A  mercury  anode  was  tried  and  discarded 
since  I  could  not  find  a  method  of  preventing  the  formation  of  a  less  soluble 
mercury  salt  on  its  surface.  As  much  current  was  passed,  through  a  re- 
sistance, from  the  110  volt  direct  current  circuit  as  was  possible  without 
undue  heating  of  the  side  neck,  until  the  platinum  was  plated  over  its 
whole  surface  with  a  thick  layer  of  mercury,  and  mercury  commenced  to 
drop  off  of  it  in  considerable  amount.  The  KCl  was  recrystallised  by  solu- 
tion in  hot  distilled  water  in  fused  quartz  and  cooling  (and  throwing  awa]f 
the  mother  liquor)  five  times,  and  dried  3  months  over  CaCli.  The  solu- 
tion was  made  as  needed  by  weighing  out  7.456  gm.  and  dissolving  it  in 


«-L^L.tl-»WT»« 


J.  F.  McClendon  137 

distilled  water  in  a  liter  flask.  A  fresh  portion  of  mercuro-nitrate  was 
purified  by  electrolysis,  redissolved,  and  precipitated  with  Baker's  analyzed 
HCl,  and  the  precipitated  calomel  washed  by  decantation  several  times 
with  distilled  water  and  many  times  with  the  0.1  N  KCl,  always  being  in 
contact  with  excess  Hg  which  was  finally  shaken  to  form  a  gray  mixture 
with  the  calomel,  and  washed  into  the  electrode  with  KCl  solution  until 
the  platinum  was  deeply  covered.  The  end  of  the  side  neck  was  closed 
with  an  ungreased  ground  glass  cap  and  passed  through  the  rubber  stopper 
of  a  cylinder  filled  with  0.1  N  KOI.  The  electrode  was  filled  with  0.1  n  KCl 
and  closed  by  fusing  the  glass  in  a  flame.  The  second  cylinder  was  con- 
nected by  means  of  a  syphon  closed  with  an  ungreased  ground  glass  cap 
to  a  third  cylinder  filled  with  a  saturated  solution  of  KCl.  The  electrode 
vessel  and  part  of  the  side  neck  were  painted  black  to  prevent  the  reduction 
of  the  calomel  by  light. 

The  only  course  left  for  change  of  this  electrode  is  change  in  average  size 
of  grain  of  calomel,  due  to  the  greater  solubility  of  the  smaller  grains, 
but  it  seems  to  be  a  general  opinion  that  such  a  process  is  very  slow.  The 
electrodes  measured  zero  against  one  another  when  first  made  up  and  when 
they  were  periodically  tested  later.  They  gave  the  expected  e.  m.  f. 
against  electrodes  of  several  other  types.  Since  I  aim  at  an  absolute 
accuracy  of  1  millivolt  (^^  0.016  Ph)*  their  drift  of  potential  during  the 
season  cannot  be  considered  serious. 

The  combined  tonometer  and  hydrogen  electrode  and  the  im- 
proved hydrogen  electrode  previously  described  (McClendon  and 
Magoon)  were  used,  with  the  exception  that  the  latter  was  made 
with  the  large  compartment  about  11.5  cc,  owing  to  the  fact 
that  the  buffer  value  of  sea  water  is  less  than  that  of  blood.  After 
passing  the  hydrogen  bubble  over  into  the  1.5  cc.  compartment 
the  end  cock  (d)  was  opened  before  closing  the  middle  cock  (c) 
in  order  to  restore  the  pressure  that  had  been  reduced  by  the 
solution  of  some  hydrogen.  Several  forms  of  titration  hydrogen 
electrodes  were  tried  but  the  one  shown  in  Fig.  1  is  to  be  recom- 
mended, owing  to  the  absence  of  rubber  bulb,  piston,  or  mercury 
funnel  to  suck  up  the  liquid  into  the  electrode.  It  is  simply  im- 
mersed in  the  liquid  far  enough  so  that  when  the  cock  is  properly 
turned  the  liquid  enters  the  electrode  and  drives  some  of  the  hy- 
drogen out  through  the  trap  T.  It  is  likewise  preferable  to  other 
non-micking  titration  electrodes  in  being  more  protected  from 
diffusion  of  O2  from  the  fluid  outside. 

The  hydrogen  electrode  proper  in  each  of  these  instruments 
was  made  of  a  gold  disc  (welded  to  platinum  wire)  cleaned  with 
a  saturated  solution  of  potassium  bichromate  in  concentrated  sul' 
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furic  acid,  washed,  aod  platinized  with  2  per  cent  platinic  chlo- 
ride containing  a  trace  of  basic  lead  acetate.  It  was  not  cleaoed 
by  electrolyzing  H)SO«,  since  it  was  never  used  as  anode  and  the 
possibility  of  the  formation  of  CI*  was  excluded.  It  was  replsti- 
nized  a  few  seconds  after  each  dozen  determinations.  Since  this 
process  would  finally  make  the  platinun>  black  too  thick,  the  life 
of  the  electrode  may  be  prolonged  by  the  use  of  palladium,  which 
can  be  dissolved  off  (Clark  and  Lubs;  Ostwald  and^Luther). 


Via.  1.  Hydrogen  electrode  for  titration.  Ineert  «*drop  of  Fg  ud  » 
copper  wire  in  W.  The  bulb,  D,  is  immersed  id  tbe  fluid  ia  a  beaker  lod 
hydrogen  is  bubbled  through  it.  The  cock,  C,  is  turned  so  that  tbe  bulb 
fills  (by  gravity)  with  fluid  which  drives  hydrogen  out  at  T.  Hydrogen 
is  bubbled  throuRh  again  and  the  fluid  allowed  to  rise  until  it  just  toucbo 
the  platinized  gold  disc  (black),  when  the  reading  ia  taken. 

The  hydrogen  was  generated  from  zinc  and  HjSO,  and  washed 
with  (1)  alkaline  permanganate,  (2)  HgCli,  and  (3)  alkaline  pyn>- 
gallol,  in  all  glass,  stopperleas  wash  bottles.  The  COi  was  gen- 
erated from  marble  and  HC!  and  washed  with  NaHCOi  solution. 

Owing  to  the  high  electrical  resistance  in  the  circuit  caused  by 
the  0.1  N  KC!  in  the  two  ground  joints  in  the  calomel  electrode 
{which  were  always  closed)  and  the  sea  water  in  the  ungreased 
stopcock  of  the  hydrogen  electrode,  which  was  also  closed,  the 
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ordinary  capillary  electrometer  was  not  sufficiently  sensitive  to 
read  down  to  0.5  millivolt.  The  capillary  tube  of  the  electro- 
meter was  drawn  out  in  the  flame  to  about  0.01  mm.  bore  and 
until  the  wall  was  thin  enough  (even  after  pasting  a  cover-glass 
on  it  with  Canada  balsam)  to  admit  the  use  of  an  8  mm.  objective 
and  very  high  ocular  in  the  reading  microscope.  By  bending 
back  the  bulb  of  the  capillary  electrometer  it  was  made  to  fit 
on  the  stage  of  a  microscope  tilted  back  and  held  by  rubber 
bands.  In  order  to  prevent  shaking,  the  table  legs  were  passed 
through  the  floor  into  the  ground  without  touching  the  floor. 
The  use  of  the  capillary  electrometer  saves  much  time. 

The  millivolt  readings  after  correction  for  Hs  density,  according  to  Clark 
and  Lubs,  were  converted  into  Ph  values  by  means  of  the  conversion  table 
previously  published  (McClendon,  1916)  which  was  extended  sufficiently 
for  the  purpose.  This  change  makes  all  the  values  in  the  table  about 
1  millivolt  too  low,  and  therefore  1  millivolt  was  arbitrarily  subtracted 
from  each  of  Clark  and  Lubs'  corrections.  Clark  and  Lubs  find  a  different 
theoretical  value  for  the  e.  m.  f.  of  the  normal  hydrogen  electrode  against 
the  0.1  N  calomel  electrode  from  that  used  in  making  the  conversion  table. 
Since  much  of  the  older  work  was  done  with  HCl,  and  since  Ellis  has 
shown  that  its  curves  for  dissociation  calculated  (1)  from  electrode  poten- 
tial and  (2)  conductance  ratio  are  different  even  at  considerable  dilution, 
the  discrepancy  may  be  due  to  the  use  of  the  conductance  ratio  to  denote 
the  dissociation  of  HCl  at  dilutions  at  which  it  differs  from  that  calculated 
from  electrode  potential. 

Since  my  solutions  were  near  neutrality  and  the  reading  was  taken 
immediately  after  making  junction  with  saturated  KCl  solution,  I  do  not 
think  that  the  diffusion  potential  vitiates  my  results. 

For  preliminary  tests  a  series  of  "nonsol"  glass  tubes  (1  cm.  bore)  filled 
with  Sorensen's  phosphate  mixtures  plus  phenolsulfonepbthalcin  from 
Ph  (=  —  log  H*  concentration)  =  7-8,  and  a  similar  set  of  tubes  filled  with 
Sdrensen's  borate  buffer  mixtures  plus  thymolsulfonephthalein^  (Lubs  and 
Clark)  from  Ph  =  8-10,  and  sealed  in  the  flame,  were  used.  The  phosphate 
and  borate  mixtures  were  calibrated  v  ith  the  hydrogen  electrode,  but  ow- 
ing to  the  salt  action  on  the  indicator  0.3  must  be  subtracted  from  the  Ph 
of  sea  water  as  determined  with  the  tubes  in  order  to  obtain  the  same 
result  as  with  the  hydrogen  electrode.  Although  the  Ph  of  sea  water  was 
determined  with  the  hydrogen  electrode  out  to  the  second  place  of  decimals 

*  For  the  convenience  of  Dr.  Row^ntree,  Dr.  A.  G.  Mayer,  and  others  I 
have  standardized  solutions  or  samples  in  relation  to  the  phenolsulfone- 
phthalein  and  thjrmolsulfonephthalein  tubes  for  determining  hydrogen 
ion  concentration  kept  in  stock  for  sale  by  Hynson,  Westcott  and  Co., 
Baltimore. 
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(0.5  millivolt  —  0.008  Ph),  the  estimation  of  the  salt  action  on  the  indicator 
could  not  be  carried  this  far  because  the  tubes  read  only  to  the  first  place 
of  decimals.  Palitzsch  defines  the  Pb  to  the  second  place  of  decimals, 
but  this  must  be  an  estimate  since  his  borate  mixtures  record  only  to  the 
first  decimal  place.  The  apparently  remarkable  coincidence  that  the 
correction  for  salt  action  (at  35  to  36  salinity)  should  be  the  same  for  phenol- 
sulfonephthalein  and  th3rmolsulfonephthalein  is  probably  due  to  the 
similar  chemical  constitution  of  these  indicators.  The  advantage  of  these 
indicators  over  oc-naphtholphthalein  and  phenolphthalein  is  that  each 
shows  two  strikingly  different  colors,  and  errors  due  to  dye  concentration 
cannot  be  hidden.  . 

These  tubes  of  thymolsulfonephthalein  are  to  be  especially  recommended 
for  determinations  at  sea  in  oceanographic  work  and  all  determinations 
of  the  Ph  of  sea  water  in  which  an  accuracy  of  0.1  is  sufficient.  They  were 
used  by  Dr.  L.  R.  Gary  to  measure  the  COt  excreted  by  medusae  (see  also 
Haas).  For  a  greater  accuracy  the  tubes  would  have  to  be  m%de  larger 
or  of  extremely  uniform  bore.  In  making  the  small  tubes  the  glass  should 
be  carefully  selected.  The  bore  should  be  10  mm.  ^  0.25  mm.  They  should 
be  filled  with  3  cc.  of  the  buffer  mixture  plus  0.2  cc.  of  0.1  per  cent  thymol- 
sulfonephthalein in  70  per  cent  alcohol,  measured  with  a  graduated  pipette. 
A  test-tube  of  10  mm.  bore  should  have  an  etched  mark  at  3.25  cc.  for  use 
with  sea  water,  since  the  addition  of  the  sea  water  after  the  indicator 
helps  mix  the  latter.  By  retaining  the  0.2  cc.  pipette  used  in  filling  the 
tubes,  the  necessity  of  the  calibration  of  one  for  making  the  tests  is  avoided. 

The  Ph  of  Tortugas  sea  water  (within  8  miles  of  Loggerhead 
Key  or  82°  52'  to  82°  58'  W.  and  24°  30'  to  24°  38'  N.)  from  the 
surface  to  a  depth  of  35  meterSi  as  well  as  in  the  moat  of  Fort 
Jeflferson,  was  found  to  vary  from  8.1  to  8.22,  which  is  about  the 
average  for  ocean  water  (7.95  to  8.25,  Palitzsch;  Pg  of  8.06  just 
colors  phenolphthalein,  at  35  salinity).  Since  there  was  no  gen- 
eral drift  of  Ph  during  the  season,  it  is  probable  that  the  limits 
of  variation  during  the  entire  year  are  not  very  different.  No 
relation  between  Ph  and  location,  time,  or  tide  was  found. 

Since  calcium  is  the  only  non-volatile  base  in  sea  water  that  has  been 
shown  to  vary  independently  of  the  salinity,  it  is  possible  that  variations  in 
the  calcium  content  due  to  the  activity  of  corals  and  other  organisms  might 
affect  the  Pb  but  this  question  must  be  reserved  for  future  study.  Since 
I  found  only  8.5  parts  of  ammonia  per  billion,  this  factor  must  be  excluded. 
The  effect  of  denitrification  is  probably  small,  since  I  found  only  minute 
traces  of  nitrates  in  the  water.  The  amount  of  nitric  acid  brought  down 
by  the  rain  in  the  Barbados  was  estimated  by  Harrison  and  Williams  at 
2.75  kg.  per  hectare  per  annum,  but  this  was  accompanied  by  1.13  kg. 
of  ammonia,  which  would  mean  a  mixture  of  NH4NOB  and  NH4COS.    After 
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thunder  showera  over  the  sea  this  fixed  nitrogen  is  probably  taken  up  very 
quickly  by  «lga!  and  denitrifyiDg  bacteria.  Although  the  evaporation 
is  rapid,  it  would  not  be  eufficient  to  coacentrate  tbe  fixed  nitrogen  before 
it  mixed  with  the  sea  to  a  great  depth,  since  Dole  could  detect  no  immediate 
influence  of  rain  on  tbe  surrace  salinity. 

That  variations  in  the  amount  of  HiPOi  in  the  aea  water  could  account 
for  variationa  in  the  Ph  seems  improbable,  since  I  found  about  4  mg.  in 
20  liters  that  had  been  acidified  with  HCl  and  evaporated  to  a  small  quan- 
tity. Although  some  phosphates  may  have  been  occluded  in  the  aa'ts 
cryatalliting  out,  this  fraction  was  probably  small,  owing  to  the  strongly 
acid  reaction  which  was  conatantly  maintained  during  the  evaporation. 

Since  dilution  of  the  sea  water  must  dilute  the  carbonates 
and  bicarbonates  responsible  for  its  reaction,  it  would  theoreti- 
cally affect  the  Ph-  Solutions  of  soda  were  aerated  by  drawing 
moist  air  through  them  vigorously  for  72  hours  in  order  to  make 
their  COi  tension  equal  that  of  the  air.  The  P^  of  the  0.1  n 
solution  was  9.8;  that  of  the  0.01  n,  9.26;  and  of  the  0.001  n,  8.3. 
We  thus  see  a  marked  change  in  the  P^  with  dilution,  but  the 
effect  of  diluting  a  bicarbonate  solution  is  much  less  if  it  is  not 
aerated;  we  cannot  say  that  the  sea  is  thoroughly  aerated,  aad, 
furthermore,  the  presence  of  neutral  salts  in  tbe  sea  affects  the 
dissociation  of  the  alkaU.  In  order  more  nearly  to  imitate  the 
effect  of  rain  falling  in  the  sea,  a  portion  of  sea  water  of  Ph=  8.1 
was  diluted  with  an  equal  volume  of  conductivity  water  of  P„  = 
*6,  and  the  P^  of  the  mixture  was  found  to  be  about  8.09  in 
the  hydrogen  electrode.  Perhaps  if  the  COj  tension  of  the  con- 
ductivity water  had  been  exactly  that  of  the  air,  a  greater  change 
would  have  been  noted,  but  the  experiment  indicates  that  a 
dilution  of  the  most  concentrated  Tortugas  sea  water  (salinity  — 
36.09)  to  the  most  dilute  (salinity  =  36.23)  would  not  account 
for  the  variation  in  Ph  (from  8.22  to  8.1). 

There  remains  to  be  considered  the  change  in  CO*  content 
and  its  effect  on  the  P,  of  the  sea  water.  No  direct  measure- 
ments of  the  COi  content  of  the  sea  water  were  made,  but  the 
change  of  P,  with  change  of  COj  tension  is  shown  in  Fig.  2,  In 
making  mixtures  containing  less  than  1  per  cent  COj,  a  double 
dilution  is  necessary.  For  instance,  in  making  0.02  per  cent 
COi  a  1  per  cent  mixture  is  made  in  the  combined  tonometer 
and  hydrogen  electrode  as  previously  described  (McClendon 
and  Magoon),  then  the  apparatus  is  shaken  (without  disconnect- 
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ing  the  mercur>'  funnel)  so  as  to  mix  the  CO2  thoroughly  with 
the  H2.  By  raising  the  mercury  funnel,  all  but  2  per  cent  (2  cc.) 
of  the  gas  mixture  is  expelled,  then  hydrogen  is  admitted  in  the 
usual  manner  so  that  the  resulting  mixture  contains  0.02  per  cent 
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Fig.  2.  Table  for  converting  Ph  of  sea  water  (35  salinity)  into  COt 
tension  and  total  COo  content  at  30°.  The  dotted  line  represents  cc.  of 
total  COj  per  liter. 

CO2.  After  shaking  1.5  cc.  of  sea  water  with  10  cc.  of  a  gas  mix- 
ture in  the  tonometer,  the  CO2  content  of  the  gas  mixture  may 
be  perceptibly  changed,  so  it  was  necessary,. after  determining 
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the  Ph9  to  expel  the  gas  mixture  and  make  a  new  one  like  it,  and 
repeat  this  process  until  a  constant  Pb  was  reached. 

The  change  in  Pg  with  a  change  in  COs  tension  is  shown  in 
the  continuous  line  in  Fig.  2.  The  dotted  line  shows  the  total 
CO2  content  extrapolated  from  data  given  by  Fox,  and  is  40 
CO.  at  0.015  per  cent  CO2  tension,  41.9  at  0.02  per  cent,  44.5  at 
0.03  per  cent,  46.25  at  0.04  per  cent,  and  47.5  at  0.05  per  cent. 

Fig.  2  shows  that  within  the  normal  limits  for  sea  water  a 
very  small  change  in  the  CO2  tension  or  CO2  content  causes  a 
comparatively  large  change  in  the  Ph,  and  the  changes  that  have 
been  observed  in  the  Ph  of  uncontaminated  ocean  water  could 
probably  be  explained  by  the  changes  in  CO2  tension  produced 
by  the  action  of  organisms.  I  found  that  a  jellyfish  pulsating 
in  sea  water  in  a  closed  vessel  changed  the  Pb  from  8.2  to  8  in  a 
very  short  time,  indicating  an  increase  of  about  6.5  cc.  of  CO2 
per  liter.  Algae  in  the  sunlight  would  change  the  Ph  to  8.25  in 
less  time.  It  seems  almost  certain  that  the  CO2  tension  is  the 
chief  factor  in  determining  the  Ph  of  the  oceans.  If  this  is  true, 
the  water  from  a  depth  of  2,000  meters  in  the  Atlantic,  which 
PaUtzsch  found  to  have  a  Ph  of  7.95,  should  have  a  CO2  tension 
of  about  0.06  per  cent  at  30°,  and  Tortugas  water  should  have  a 
CO2  tension  of  about  0.03  to  0.043  per  cent.  In  one  experiment 
water  drawn  directly  from  the  sea  into  the  electrode  had  a  Ph 
of  8.15.  It  was  then  passed  into  the  tonometer  and  its  Ph  at 
different  CO2  tensions  determined,  with  the  result  that  it  had  a 
Ph  of  8.15  at  0.04  per  cent  CO2  tension,  from  which  I  conclude 
that  this  was  the  CO2  tension  of  the  sea  where  the  sample  was 
taken. 

It  would  Ije  interesting  to  know  the  COs  tension  of  the  air  at  Tortugas 
to  see  how  it  compared  with  the  sea.  An  attempt  was  made  to  determine 
this  by  bubbling  air  through  the  water  until  equilibrium  was  reached  and 
then  determining  the  Ph  of  the  water.  The  first  experiments  were  value- 
less, owing  to  the  assumption  that  equilibrium  would  be  reached  within 
a  few  hours.  It  was  foimd  necessary  to  pass  a  strong  stream  of  moist  air 
through  a  small  quantity  of  sea  water  at  least  15  hours  in  order  to  reach 
equilibrium,  and  during  this  time  the  temperature  changed  about  5^  if 
the  aeration  was  all  done  continuousl}'.  In  one  experiment  starting  with 
Ph==8.1,  eqiulibrium  was  reached  at  the  end  of  15  hours'  aeration  with  the 
final  temperature  30^  and  Ph=8.16.  After  24  hours'  more  aeration  (which 
was  stopped  at  a  lower  temperature),  the  Ph  was  about  the  same  (8.15). 
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We  may  uaume,  therefore,  that  the  COi  tensioa  of  Tortugu  air  on  thit 
day  was  about  0.033  per  cent.  Legendre  Found  the  air  off  the  coast  ol 
France  to  contain  0.022  to  O.OST  per  cent  COi,  and  Lewy  found  ocean  wr 
ill  the  Antilles  to  contain  from  0.03S  to  0.053  per  cent  COi  (avera^  O.CM 
per  cent).  He  found  ocean  air  to  average  0.053  per  cent  in  the  day  tuul 
0.035  per  cent  at  night,  preaumably  due  to  absorption  of  COt  by  the  niter 
when  cooled  at  night. 

Since  the  sea  contains  more  than  thirty  times  as  much  COi  as  tiie  sir, 
it  must  regulate  the  average  concentration  of  this  gas  in  the  air.  Krogb 
supposes  that  COi  is  being  increased  in  the  air  by  the  combustion  of  eoil 
and  hence  the  COi  tension  of  the  air  is  greater  than  that  of  the  ses.  B« 
calculates  the  carbon  in  the  air  as  600  billioQ  tons,  and  since  the  ansiul 
conBumptioD  of  coal  is  now  more  than  a  billion  tons,  the  increase  migbl 
become  measurable  if  it  were  not  absorbed  by  the  sea.  ChamberliD  ea^ 
posea  that  440  million  tons  of  carbon  are  withdrawn  Annually  from  the  air 
by  the  weathering  of  rocks. 

If  the  CO)  content  of  the  Gulf  Stream  water  remains  approxiinstdy 
constant  as  it  flows  northward,  its  COi  tension  must  decrease,  owiog  to 
the  increase  in  the  absorption  coefficient  for  COt  and  the  decrease  in  the 
dissociation  of  bicarbonates  with  fall  in  temperature.  But  if  equilibrium 
with  the  air  is  partially  reached,  the  COt  content  and  H-  coneentrstion 
should  be  greater  in  the  North,  which  seems  to  be  the  case.  PsIituiitL 
found  the  Ph  in  the  Atlantic  equal  to  8.1  in  the  far  North,  and  8.25  nesret 
the  equator.  If  theses  locally  affects  theCOi  content  of  the  air,  we  might 
expect  northern  air  to  be  poor  in  COt,  but  Krogh  found  from  0.025  to  0.07 
per  cent  in  the  air  of  Greenland,  whereas  the  average  for  the  world  is  tilua 
at  0.03  per  cent.  Benedict  found,  however,  from  0.01  to  0.034  per  etat 
between  Boston  and  Genoa,  and  0.003  to  0.027  per  cent  between  Montrc^ 
and  Liverpool,  with  the  same  apparatus.  It  would  be  easier  to  determiii" 
whether  COt  ia  being  absorbed  or  given  out  by  the  sea  by  determming  the 
C0|  tension  of  the  sea  and  air  simultaneously  at  the  same  place,  as  I  hope 
to  do  next  year. 

The  sea  water  is  so  complex  a  mixture  that  it  would  be  difficult 
to  apply  the  law  of  mass  action  to  it,  but-owing  to  the  remark- 
able constancy  in  the  relative  amounts  of  the  chief  neutral  salts 
in  it,  we  may  say  that  the  P^  depends  on  the  excess  of  non-vola- 
tile base  over  acid  and  also  on  the  COi  tension,  at  a  given  tem- 
perature. This  excess  of  base  was  found  by  Dole  to  be  0,00237 
to  0.00257  N,  but  this  determination  seemed  of  sufficient  impor- 
tance to  see  whether  the  same  resalt  is  obtained  by  other  methods 
of  titration  as  follows;  The  titrations  were  made  with  0.1  n  HCl. 
The  sea  water  (100  cc.)  was  placed  in  a  wide-mouth  bottle  covered 
by  a  paraffined  cardbcard,  perforated  in  three  places  for  the  in- 
troduction of  the  burette  tip,  the  hydn^en  electrode  used  aa 
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an  indicator;  and  a  rubber  tube  of  1  mm.  bore  filled  with  satu- 
rated KCl  solution  and  closed  at  the  end  with  a  wooden  plug,  for 
connection  with  the  calomel  electrode.  After  dropping  in  a 
small  quantity  of  acid  a  vigorous  stream  of  hydrogen  was  passed 
through  the  electrode  into  the  sea  water,  which  was  allowed  to 
fill  the  electrode  and  was  blown  out  with  hydrogen  three  times; 
it  was  then  allowed  to  rise  only  far  enough  to  touch  the  platinized 
disk,  and  the  reading  was  taken.  This  process  was  repeated, 
and  the  curve  of  Ph  and  cc.  of  acid  was  plotted.  The  angle  of 
the  curve  was  taken  to  denote  the  acid  necessary  to  neutraUze 
the  excess  of  base  over  non-volatile  acid.  I  foimd  the  excess 
base  in  sea  water  to  be  0.0023  to  0.0025  n.  Titrations  with  0.05 
N  H2SO4  gave  the  same  results,  but  the  angle  seemed  not  to  be 
as  sharp  as  with  HCl.  That  the  excess  base  had  been  neutralized 
at  the  angle  in  these  titration  ciu^es  was  confirmed  by  adding 
the  indicated  amount  of  acid  to  100  cc.  of  the  same  sample  of 
sea  water  and  determining  the  Ph  after  expelling  the  CO2  more 
or  less  completely.  After  bubbling  air  through  for  12  hours, 
the  Ph  was  about  the  same  as  that  of  an  NaCl  solution  that  had 
been  exposed  to  the  air.  After  boiling  it  was  nearly  neutral, 
and  after  boiling  down  to  half  volume  it  was  also  about  neutral, 
and  the  same  was  true  after  bubbling  hydrogen  through  it  for 
a  long  time.  In  no  case  was^  it  alkaline.  Artificial  sea  water 
made  of  absolutely  neutral  salts  plus  24  cc.  of  0.1  n  NaHCOs  to  the 
liter  reached  a  Ph  of  8.2  after  aeration  for  about  6  hours,  whereas 
if  only  23  cc.  were  used  the  aeration  could  be  continued  for  a 
slightly  longer  period  without  danger  of  making  it  too  alkaline. 
Since  artificial  sea  water  containing  only  23  cc.  of  the  soda  solu- 
tion reacted  to  aeration  more  nearly  like  natural  sea  water, 
this  amoimt  of  soda  (added  as  bicarbonate)  is  recommended  in 
making  artificial  sea  water,  which  should  be  aerated  sufficiently 
to  bring  the  Ph  to  about  8.15. 

Although  Herbst  maintained  the  life  of  sea  urchin  eggs  for 
some  time  in  artificial  sea  water,  and  the  experiments  of  many 
investigators  have  shown  that  the  exact  proportions  of  the  salts 
are  immaterial  in  many  physiological  experiments,  Dr.  A.  G. 
Mayer  informed  me  that  no  artificial  sea  water  had  been  found 
that  would  maintain  the  jellyfish,  Cassiopeia,  in  a  normal  condi- 
tion.    It  pulsates  intermittently  (after  the  excitement  has  passed) 
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when  put  into  artificial  sea  water  and  continues  to  do  so  until 
removed  or  until  death  ensues.  It  seemed  important,  therefore, 
to  attempt  to  make  a  more  successful  sea  water  in  order  to  deter- 
mine, if  possible,  the  full  physiological  significance  of  this  medium. 
The  principal  salts  are  so  well  known  that  errors  in  their  concen- 
tration would  not  be  looked  for  in  locating  the  trouble.  The  minor 
constituents  are  probably  more  variable,  and  the  older  anal3r8es 
not  so  reliable^  but  some  more  accurate  analyses  have  been  made 
by  Raben,  Matthews,  and  others.  It  is  possible  that  organisms 
may  suffer  from  lack  of  some  of  these  minor  constituents,  and  it 
is  also  possible  that  organisms  may  suffer  from  an  excess  of  them 
when  they  occur  as  impurities  in  the  principal  salts  or  in  the 
distilled  water.  These  constituents  are  supposed  to  occur  as 
follows,  in  parts  per  million:* 

NH, 0.0085-0.15       Cu 0.012(?) 


« 


it 


Li Trace. 

Rb 11-15(?) 

Cs Trace. 

Sr " 

Ba 

Mn 

Zn 0.002 

Fe 0.9-3.0 

Co Trace 

Ni " 

Pb •....  0.1(?) 


Ag 0.01-0.169 

Au 0.005-0.065 

Ra 0.000000017(?) 

F 0.3-0.8 

I 0-2.19 

NO,+NO, 0.18-1.1 

PO4 0.2-2.2 

SiOj 0.2-1.4 

AI2O, 0.2f?) 

B Trace. 

As 0.01-0.08 


L 


If  the  purest  reagents  are  used  for  the  principal  salts  in  making 
sea  water,  the  mixture  would  be  supposed  to  contain,  in  parts 
per  million,  about:  0.03  AlaOa;  0.3  SiO^;  0.2  Fe;  0.05  I;  traces  of 
Ba  and  NH3;  traces  of  As  and  heavy  metals;  0.001  NO3;  and  0.0003 
PO4.  Warburg  found  enough  Cu  in  reagents  that  had  been 
crystallized  in  copper  dishes  to  increase  the  oxidation  greatly 
in  sea  urchin  eggs.  Warburg  found  further  that  the  addition 
to  sea  water  of  0.001  Ag  or  0.002  Au  or  0.0006  Cu  (parts  per 
million)  increased  oxidation  in  unfertihzed  sea  urchin  eggs  about 
600  per  cent. 

*  For  references  to  the  literature  on  this  subject  see  the  works  of  Clarke, 
Krttmmel,  Raben,  Matthews,  Roth,  Murray  and  Hjort,  Forchhammer, 
and  Dittmar,  quoted  in  the  list  of  references  at  the  end  of  this  paper. 
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In  order  to  test  whether  there  might  be  enough  heavy  metals 
in  "reagent,"  "analyzed,"  and  "/wr  Analyse^'  salts  to  afifect  or- 
ganisms, sea  water  was  made  from  them  and  compared  with 
that  made  from  further  portions  of  the  same  salts  after  solution 
in  water  redistilled  in  quartz  (since  Locke  found  Cu  in  distilled 
water  in  a  toxic  concentration)  and  recrystalUzation  in  "pyrex" 
glass.  The  NaCl  was  precipitated  by  admitting  HCl  gas  into 
its  saturated  solution.  Instead  of  NaHCOs,  recrystallized  NajCOs 
plus  an  excess  of  CO2  was  used.  The  results  were  equally  favor- 
able with  the  two  sea  waters.  The  addition  of  as  much  as  five 
parts  per  million  of  PO4  was  detrimental  to  animals. 

Since  H2O  is  the  chief  constituent  of  sea  water,  particular 
attention  was  paid  to  it.  It  was  foimd  that  conductivity  water 
made  in  Hulett's  laboratory  and  sealed  in  pyrex  flasks  by  fus- 
ing the  glass  accomplished  no  better  results  than  Merck's  distilled 
water.  Pyrex  glass  contains  arsenic,  btit  very  little  should 
have  dissolved  in  the  water  since  the  glass  is  extremely 
insoluble.  It  is  said  to  contain  no  lead.  The  only  posi- 
tive result  from  experiments  with  different  qualities  of  dis- 
tilled water  was  that  aeration  improves  it.  The  aeration  neces- 
sary to  bring  the  artificial  sea  water  to  the  required  Pg  is  not  suf- 
ficient from  other  standpoints.  It  was  not  determined  whether 
the  beneficial  effect  of  aeration  was  the  addition  of  some  ele- 
ment (Os,  for  instance),  or  the  elimination  of  gaseous  impurities. 
Merck's  distilled  water  was  free  from  NHj  but  had  a  taste  that 
jwas  not  lessened  by  redistillation  in  quartz.  The  conductivity 
water  had  this  taste  in  a  much  smaller  intensity,  and  it  required 
72  hoiu^  of  vigorous  aeration  to  reduce  the  taste  (of  a  Uter)  of 
Merck's  water  to  equal  that  of  conductivity  water.  Since  the 
conductivity  water  had  purposely  been  kept  from  the  air  as 
much  as  possible,  its  lack  of  taste  may  have  been  due  to  the  oxi- 
dation of  all  organic  impurities.  If  this  was  so,  the  taste  of 
Merck's  water  must  have  been  due  to  some  volatile  substance 
other  than  NHs  or  CO2. 

In  making  the  artificial  sea  water,  the  salts  were  made  up  in 
normal  solutions  (0.5  m  of  bivalent  salts),  and  the  following  num- 
ber of  cc.  were  used  to  make  a  liter,  according  to  an  analysis  of 
Tortugas  sea  water  of  salinity  35.49  (Clarke)  or  35.41  (Dole). 
The   proportions   for   isotonic   solutions  are   also   given.     The 
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isotonic  solution  of  NaHCOs  is  approximately  isotonic  after 
aeration,  but  it  should  be  noted  that  these  solutions  cannot  be 
exactly  isotonic  since  mixing  them  affects  the  dissociations. 


CaCl2.... 
MgClj... 
MgS04... 

KCl 

NaCl. . . . 
NaBr. . . . 
NaHCO, 
H2O 


Normal  solutions. 


0.5m 
0.5m 
0.5m 

M 
M 
M 
M 


ee. 

22.0 

50.21 

57.09 

10.23 

483.65 

0.8 

2.32 

373.63 


1,000.00 


Isotonic  solutions. 


0.38  M 
0.37    M 

0.975  m 
0.577  m 
0.568  m 
0.565  m 
0.930  m 


ce. 

29.0 

67.9 

29.5 

17.7 

852.0 

1.4 

2.5 


1,000.0 


The  mixture  should  be  aerated  imtil  it  has  a  Ph  of  about  8.15. 

This  artificial  sea  water  was  tested  with  all  the  delicate  marine 
organisms  available.  The  lagoon  jellyfish,  Cassiopeia  xamachana, 
lived  in  it  indefinitely  and  its  pulsations  were  normal.  Some  died 
in  6  weeks  if  the  water  was  allowed  to  evaporate,  but  the  pre- 
vention of  evaporation  or  the  occasional  addition  of  distilled 
water  to  restore  the  volume  was  all  that  was  necessary  to  keep 
them  aUve  (without  food).  Eggs  of  the  Atlantic  Palolo  worm, 
Eunice  fucata,  developed  in  it  and  produced  two  pairs  of  seise. 
Some  were  aUve  at  an  age  of  13  days,  although  they  had  never 
been  fed. 

Many  animals  apparently  live  at  a  great  depth  in  the  sea 
where  the  water  is  cold,  and  when  brought  to  the  surface  in  warm 
regions  die  sooner  or  later,  and  very  rapidly  when  brought  into 
laboratories.  Since  these  animals  are  considered  to  be  the  most 
delicate,  I  placed  them  in  the  artificial  sea  water.  Sagitta  lived 
7  days,  various  pelagic  medusae,  ctenophores,  and  siphonophores 
lived  alx)ut  12  hours  when  crowded  in  small  vessels,  and  Scdpa 
only  a  few  hours  under  the  same  conditions.  If  the  Ph  was 
changed  beyond  the  Umits,  6  to  8.26,  death  of  all  of  the  animals 
occurred  sooner. 

The  Ph  of  sea  water  is  rapidly  changed  by  the  presence  of  ani- 
mals or  eggs,  even  in  uncovered  dishes.     For  this  reason  it  seemed 
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of  interest  to  determine  the  Pg  of  the  fluids  inside  invertebrates, 
which  do  not  diflFer  markedly  from  sea  water  in  the  salts  they 
contain,  and  are  often  very  poor  in  proteins.  The  Ph  of  the  body 
fluid  of  the  sea  urchin,  Toxopneustes  {Lyteckinus)  variegatus^ 
was  found  to  vary  from  about  7.7  to  7.8.  The  blood  of  the  conch, 
Strombus  gigas,  was  about  7.5. 

Some  salts  may  be  considered  nutritive,  especially  to  plants. 
The  growth  of  marine  Diatoms,  but  not  algse,  was  favored  when 
I  added  2  cc.  of  m  Ca(N08)2  per  liter.  But  most  of  the  salts,  or 
more  correctly,  ions  in  sea  water,  are  to  be  considered  protective 
rather  than  nutritive,  especially  to  animals.  Since  the  work  of 
Ringer,  O.  Loew,  Loeb,  Mayer,  and  others,  the  idea  that  one  ion 
protects  the  organism  from  the  toxic  action  of  another  ion  has 
constantly  gained  ground.  I  have  shown  that  certain  ions  in- 
crease the  permeability  of  sea  urchin  and  fish  eggs  (McClendon, 
1910,  1914;  McClendon  and  Mitchell).  Since  these  ions  are 
present  in  sea  water  they  must  be  antagonized  by  other  ions 
in  sea  water.  This  work  was  greatly  extended  by  Osterhout 
who  showed  that  certain  ions  increase  the  permeability  of  plant 
cells  and  others  inhibit  their  action.  If  the  action  of  all  ions  is 
of  this  nature  there  must  be  only  two  classes  of  ions,  those  that 
increase  permeability  and  those  that  inhibit  this  change.  The 
work  of  Ringer,  Mines,  and  others  shows  the  antagonistic  action 
of  ions  on  the  heart.  In  order  to  test  this  hypothesis  of  the 
two  classes  of  ions  the  action  of  ions  of  sea  water  on  the  pulsa- 
tions of  Cassiopeia  and  the  heart  of  the  conch  was  studied.  I 
had  found  the  freezing  point  of  a  sample  of  Tortugas  sea  water 
in  1910  to  be  —2.03°  when  corrected  for  undercooling,  which  is 
the  freezing  point  calculated  from  a  salinity  of  37,  whereas  that 
of  salinity  35.41  is  —1.937°.'  Isotonic  solutions  were  made  as 
follows: 

A  =  1.937^•  0.565  N  NaCl,  0.577  n  KCl,  0.378  m  CaCI,,  0.364  m  MgCl, 
A  =  2.03**:    0.59   n  NaCl,  0.6     n  KCI,  0.395  m  CaCl,,  0.38   M  MgCl, 

Whole  Cassiopeia^  when  paralyzed  by  pure  MgCk  solution  begin 
to  beat  after  the  addition  of  a  little  KCI  or  more  NaCl,  but  not 
by  CaCU.  When  paralyzed  by  a  pure  CaCU  solution  they  may 
begin  to  beat  if  suJEcient  NaCl  or  KCI  is  added  before  this  toxic 

» Kriimrael,  page  241. 
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solution  has  had  time  to  injure  the  animal  severely.  Hiia  action 
of  Na  is  inhibited  by  an  increase  in  the  concentration  of  H'. 
The  rate  of  pulsation  is  above  normal  in  pure  NaCl  solution, 
but  is  reduced  (finally  to  zero)  by  increase  in  the  H-  concentra- 
tion. If  the  P„  of  sea  water  is  changed  beyond  the  Umits,  7.5 
to  8.25,  the  pulsation  rate  is  finally  reduced,  but  a  long  period 
may  intervene  before  the  pulsations  respond  unless  the  change 
in  Ph  is  great. 

The  pulsation  rate  is  increased  by  the  addition  of  KCi  to  sea 
water,  and  its  action  is  inhibited  by  increase  in  H-.  If  the  Cas- 
siopeia is  paralyzed  by  a  marked  increase  in  the  H-  concentratioo 
of  sea  water  it  may  beat  after  the  addition  of  KCI.  When  para- 
lyzed by  MgCli  or  CaClj  it  liiay  be  caused  to  beat  by  increaans 
the  0H~  concentration. 

The  heart  of  the  conch  will  beat  if  perfused  with  sea  watei 
In  these  experiments  the  auricular  wall  was  used  to  make  ooc 
nection  with  a  glass  reservoir,  and  a  hydrostatic  pressure  of  abou 
2  cm.  of  water  was  substituted  for  the  auricular  action;  herto 
only  the  ventricular  action  was  studied.  It  stops  in  systole  i 
the  P^  of  the  sea  water  is  changed  to  9.7,  and  in  diastole  if  tbt 
Ph  is  5.6.  Sea  water  of  Pa  =  8.26  deposits  CaCO,  on  glass,  axta 
a  precipitate  occurs  throughout  the  solution  if  the  alkalinity 
is  increased  much  further,  but  it  may  remain  in  a  supeisaturat^f 
condition,  as  regards  CaCOj  for  some  time.  It  is  improbabte 
that  a  precipitation  of  CaCO»  occurs  in  the  tissue  before  it  ap- 
pears generally,  since  the  tissue  is  constantly  reducing  the  alka- 
linity by  the  production  of  C0».  Within  the  hmit  of  P^  =  9-5, 
an  increase  of  OH"  merely  increases  the  rate  of  pulsation.  The 
effect  of  the  ions  may  be  summarized:  Increase  in  concentratioo 
of  0H~,  Na-,  or  K-  increases  the  rate  and  finally  stops  the  heart 
in  systole;  whereas  H  ,  Mg-  ■,  and  Ca-  ■  decrease  the  rate  and  may 
stop  the  ventricle  in  diastole.  This  action  of  Ca  is  only  seea 
when  it  is  applied  suddenly  in  great  excess,  since  the  discovery 
of  Ringer  that  Ca  •  ■  favors  systolic  contractions  holds  true 
for  the  conch  ventricle.  When  placed  in  equal  parts  of  sea  watw 
and  isotonic  CaCls  solution,  the  ventricle  stops  in  diastole  but 
soon  shrinks  up  and  cannot  be  revived.  In  the  following  tabu- 
lation, the  numbers  express  the  volumes  of  neutraUzed  sea  watei 
(n.  s.  w.)  to  which  one  volume  of  isotonic  chloride  solution  ii 
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added,  and  the  eflfect  produced,  followed  by  the  eflfect  of  the  ad- 
dition of  another  solution. 

4  n.  8.  w.  +  Na    increases    rate,  +  HCl  to  make  0.001  n,  stops  in  diastole. 
11     "         +  K  "  "   ,  -I-  HCl  "      "     0.001  N,     "     " 

4     "         +  Mg  stops  in  diastole,  +  OH"",  starts  again. 
1     "         -f  Ca      "     "         ".       then  passes  into  rigor. 

We  may  sum  up  these  experiments  on  Cassiopeia  and  the  conch 
ventricle  in  the  Hght  of  electrical  conductivity  experiments  on 
animals  and  plants  by  assuming  that  Na-,  K-,  and  OH"  increase 
the  permeability  of  the  plasma  membrane  and  that  Ca-  -,  Mg-  -, 
and  H-  inhibit  their  action,  thus  causing  decrease  in  permeabiUty 
when  the  antagonistic  ions  are  present.  It  has  been  shown  that 
muscular  contraction  is  accompanied  by  increase  in  permeability 
(McClendon,  1912)  which  may  explain  the  fact  that  Na-,  K-, 
and  0H~  favor  systole,  and  Mg-  •  and  H-  favor  diastole,  but 
the  experiment  must  be  performed  in  a  certain  way  in  order  to 
show  that  Ca*  •  may  produce  diastole.  The  anomaly  that  a 
small  amount  of  Ca-  •  favors  the  systoUc  contractions  produced 
by  a  large  excess  of  Na-  may  be  explained  by  the  assumption 
that  the  optimimi  ratio  of  each  pair  of  antagonistic  ions  is  differ- 
ent for  each  part  of  an  organism  and  that  more  than  one  of  these 
hypothetical  parts  are  concerned  in  any  one  of  the  experiments. 
For  instance,  suppose  the  optimum  ratios  are  as  follows,  Ca:  Na  = 
1  :  100  for  muscle,  1  :  50  for  nerve  fiber,  1  :  25  for  motor  end 
plate,  1  :  10  for  nerve  cell  body,  it  is  clear  that  no  ratio  of  Ca  to 
Na  would  be  especially  favorable  for  an  action  in  which  all  of 
these  structures  take  part.  In  sea  water  we  have  a  summation 
of  antagonisms  in  which  Na-,  K-,  and  OH"  are  combined  against 
Ca-  •,  Mg-  -,  and  H-,  and  the  proof  that  it  is  favorable  for  all 
of  these  structures  is  that  it  works.  It  should  be  added  that 
some  of  the  minor  constituents  of  sea  water  take  part  in  these 
antagonisms,  and  that  their  eflFect  is  large  in  comparison  to  their 
concentration. 

Since  the  statement  was  made  by  Mines  that  the  heart  of  a 
species  of  Pecten  would  not  beat  in  sea  water  unless  it  is  neutralized 
or  sHghtly  acidified,  it  seems  worth  noting  that  this  is  not  general 
even  for  molluscs  of  this  particular  group.  The  heart  of  Pecte- 
neUa  will  beat  in  normal,  neutral,  acid,  or  hyperalkaline  sea  water, 
and  even  in  hyperalkaUne  NaCl  solution. 
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The  Gas  Chain  Method  for  Blood. 

The  most,  accurate  determinations  of  the  hydrogen  ion  con- 
centration of  human  blood  seem  to  be  those  of  Hasselbalch  on 
defibnnated  reduced  blood  resaturated  with  CO2  at  alveolar  ten- 
sion. The  objections  to  his  method  are  first,  the  difficulties  of 
manipulation;  second,  the  time  required  to  reduce  the  blood;  and 
third,  the  error  due  to  the  deterioration  of  electrode  and  blood 
during  reduction.^ 

In  order  to  avoid  loss  of  CO2  and  of  time  in  the  reduction  of 
blood,  I  devised  an  electrode  that  could  be  filled  directly  from 
the  blood  vessel.^  But  in  order  to  determine  the  buffer  value  of 
blood  and  to  avoid  the  use  of  the  expensive  hirudin,  I  have 
modified  it  as  follows. 


-^^iio 


Fig.  1.    Hollow  needle,  7  cm.  long  and  0.7  mm.  bore. 

The  blood  is  drawn  from  the  vein  by  means  of  the  hollow  needte 
(Fig.  1),  of  0.7  mm.  bore  and  7  cm.  long,  connected  with  the  12 
cc.  defibrinating  tube  (Fig.  2)  by  means  of  a  short  piece  of  strong 
rubber  tubing,  in  such  a  manner  that  all  of  the  blood  that  is 
exposed  to  the  air  overflows  out  of  the  tube.  A  piece  of  glass 
tubing  is  connected  to  the  open  end  of  the  defibrinating  tube  by 
means  of  rubber  tubing.  When  the  defibrinating  tube  is  full  the 
two  rubber  tubes  are  closed  with  pinch-cocks  or  Langenbeck 

^  Hasselbalch,  K.  A.,  and  Gammeltoft,  S.  A.,  Biochem.  Z.,  1915,  Ixviii, 
235,236. 

'McClendon,  J.  F.,  Am.  J.  Physiol. ^  1915,  xxxviii,  181. 
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dips  and  the  blood  is  defibrinated  with  the  lead  ball  by  Rhaking 
the  tube.  As  the  blood  cools  and  contracts  the  clip  is  opened 
from  time  to  time  in  order  to  allow  blood  to  return  from  the 
overflow  tube  and  thus  prevent  the  escape  of  gas  from  the  blood, 
due  to  diminished  pressure. 


Fig.  2.     12  cc.  defibrinating  tube. 

When  defibrination  is  complete  the  closure  of  the  rubber  tubes 
is  secured  by  folding  them  back  over  the  nipples  of  the  defibrinat- 
ing tube  and  wrapping  them  with  wire  or  cord.  The  defibrinat- 
ing tube  is  then  placed  in  the  centrifuge,  balanced  with  a  similar 
tube,  and  the  fibrin  and  corpuscles  are  precipitated.  When  it  is 
removed  from  the  centrifuge  the  wires  are  replaced  by  clips. 
The  lower  rubber  tube  is  connected  to  a  long  rubber  tube  and 
funnel  filled  with  mercury  in  such  a  manner  that  no  air  is  ad- 
mitted. The  upper  rubber  tube  is  connected  with  the  left  end 
of  the  electrode  of  5  cc.  capacity  shown  in  Fig.  3.  By  opening 
the  cocks  and  raising  the  funnel,  the  electrode  is  filled  with  serum 
in  such  a  manner  that  all  of  the  serum  that  comes  in  contact  with 
the  air  overflows  through  the  stop-cock  into  the  overflow  tube. 

A  small  bubble  (0.1  cc.)  of  pure  hydrogen  (or  Hj  +  COi)  is 
admitted  into  the  electrode  and  both  ends  of  the  latter  are  closed. 
The  electrode  is  shaken  until  the  bubble  comes  to  equilibrium  with 
the  serum  as  regards  COs  tension,  when  the  bubble  is  allowed  to 
rise  until  it  completely  surrounds  the  platinum  foil.  The  elec- 
trode is  then  set  up  and  allowed  to  come  to  the  temperature  of 
the  room.  It  is  connected  to  the  electrometer  by  means  of  a 
copper  wire  hook  that  engages  a  hook  on  the  end  of  the  plati- 
num foil.  The  copper  wire  is  long  and  coiled  in  a  close  spiral 
to  reduce  its  stiffness,  and  is  small  enough  so  that  its  weight  does 
not  straighten  out  the  hook  on  the  platinimi.  If  copper  and 
platinum  are  bright  and  dry  the  contact  is  usually  good  enough 
to  get  the  zero  point  with  the  electrometer,  and  if  this  is  not  the 
case  it  is  inmiediately  detected  by  failure  of  the  electrometer  to 
show  a  sharp  zero  point  on  the  potentiometer  wire.  The  over- 
flow tube  is  connected  with  the  saturated  KCl  solution  into  which 
the  calomel  electrode  dips,  by  a  piece  of  absorbent  cord.    The 
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stop-cock  is  not  greased  and  need  not  be  opened  while  taking  a 
reading,  but  must  be  opened  momentarily  inunediately  before  the 
reading  in  order  to  equalize  the  pressure  of  the  hydrogen,  which 
has  been  reduced  by  partial  combination  with  oxygen  dissolved 
in  the  serum. 


Fig.  3.  Hydrogen  electrode,  actual  size.  The  stop-cocks  are  bored  at 
right  angles  so  that  the  connecting  tubes  may  be  rinsed  out  through  the 
extra  openings  in  the  stop-cocks.  The  lower  cock  is  lubricated  with  KCl 
solution  before  filling  the  electrode,  and  its  bore  may  be  filled  with  the 
same  solution  and  turned  as  in  the  figure  if  it  is  desired  to  have  a  wider 
surface  of  contaet  between  this  solution  and  the  electrode  contents.  The 
two  discs  are  gold  or  gold  plated  platinum  and  are  platinized.  In  case 
COs  loss  is  to  be  avoided  the  upper  one  is  used,  but  with  known  constant 
CX)t  pressure,  the  lower  one  is  used  and  the  H2 — CO2  mixture  forced  in 
until  only  the  point  of  the  disc  touches  the  liquid.  The  rubber  connec- 
tion filled  with  KCl  solution  allows  mechanical  inversion  of  the  electrode 
about  the  axis,  A,  without  disconnection  from  the  potentiometer  (thus 
replacing  the  absorbent  cord). 

A  succession  of  readings  are  taken  until  a  maximimi  difference 
of  potential  is  obtained  and  remains  constant  5  minutes,  which 
denotes  that  all  of  the  oxygen  contained  in  the  hydrogen  has 
disappeared.  If  it  is  not  certain  that  CO2  equilibrium  was  estab- 
lished the  electrode  must  be  shaken  again,  after  which  some  time 
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will  be  required  to  reduce  the  additional  oxygen  that  has  been 
brought  up  from  the  lower  part  of  the  electrode.  Usually  200 
inversions  of  the  electrode  are  sufficient  for  CO2  equilibrium  and 
10  minutes  sufficient  for  disappearance  of  the  oxygen. 

After  the  above  procedure  the  serum  has  the  same  hydrogen 
ion  concentration  as  the  blood  in  the  vein  except  for  temperature 
change  and  the  loss  of  CO2  into  the  hydrogen.  By  reducing  the 
ratio  of  hydrogen  to  serum  the  loss  of  CO2  may  be  made  small. 
It  may  be  still  further  reduced  by  using  hydrogen  containing  5 
per  cent  CO2. 

The  platinum  foil  should  be  0.02-0.05  nmi.  thick,  or  if  a  wire  is 
used,  the  part  inside  the  electrode  vessel  should  be  beaten  thin 
and  thoroughly  cleaned. 

The  electrodes  are  cleaned  with  potassiiun  bichromate  in  H2SO4, 
are  replatinized  for  about  30  seconds,  and  are  tested  with  a  stand- 
ard phosphate  mixture.  Ten  freshly  platinized  electrodes  are 
tested  with  it  and  imless  the  majority  of  them  agree  to  a  millivolt 
the  determination  is  repeated. 

The  rubber  tube  for  the  defibrination  apparatus  must  be  very 
strong  and  renewed  each  time.  It  is  well  to  attach  it  with 
rubber  cement  and  wire  before  the  experiment. 

The  Determination  of  the  C0%  Pressure  on  the  Same  Sample. 

Having  once  determined  the  Ch  of  the  serum,  which  is  the  same 
as  that  of  the  blood  in  the  vein,  the  CO2  pressure  of  the  sample 
may  be  approximated  by  exposing  it  to  a  series  of  CO2  pressures 
and  noting  imder  which  the  Ch  is  nearest  to  the  original  value. 

The  CO2  and  H2O  are  mixed  in  a  tonometer.  For  this  purpose 
the  tonometer  is  made  like  a  Hempel  burette,  except  that  one 
end  is  wide  and  the  other  constricted  and  finely  graduated  from 
0  to  10  cc.  The  tonometer  is  set  up  vertically  with  a  mercury 
funnel  and  a  1  cm.  vertical  glass  tube  used  as  a  sight  in  leveling 
the  mercury  surfaces.  When  the  mercury  in  the  funnel,  tonom- 
eter, and  1  cm.  tube  is  on  a  level  the  amount  of  gas  introduced 
may  be  read  on  the  scale.  The  tubes  leading  from  the  CO2  and 
Hi  generators  are  connected  with  side  tubes  several  meters  long, 
filled  with  the  respective  gases  in  order  to  maintain  them  at  at- 
mospheric pressure  while  being  introduced  into  the  tonometer. 
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The  serum  is  transferred  to  the  tonometer  and  rotated  15 
minutes  by  a  rubber  band  that  pa^'ses  over  it  and  an  axle.  The 
serum  is  returned  to  the  electrode,  a  bubble  of  the  same  gas 
mixture  added,  and  the  reading  taken.  If  care  is  taken  in  tbia 
manipulation,  no  oxygen  is  admitted  and  equihbrium  is  attained 
more  quickly  than  for  the  first  reading,  sometimes  in  2  minutes. 
The  next  lower  per  cent  COi  is  now  used,  and  so  through  the  aeries. 
The  results  may  be  compared  with  the  alveolar  COj  pressure. 

Knowing  the  alveolar  CO:  tension,  one  can  determine  the  P^ 
of  arterial  blood.  We  find  it  the  same  as  venous  blood  within 
the  limits  of  error  of  «i  single  determination  (without  averaging 
duplicates).  By  making  both  electrodes  the  same  size,  duplicate 
determinations  may  be  made  in  the  same  electrode  vessel.  If  the 
volume  of  pure  hydrogen  is  increased  to  1  cc.  the  maximum  error 
is  1  millivolt. 

It  is  claimed  by  Hasselbalch  that  seriun  is  more  alkaline  than 
blood.  Hasselbalch  admits  that  adding  oxygen  to  blood  makes 
it  read  less  alkaline.  Evidently  oxygen  acts  by  combining  with 
the  hydrogen  in  the  platinum  black.  Serum  reads  more  alkaline 
than  blood  because  it  contains  less  oxygen,  but  the  reading  is 
more  nearly  the  true  reaction  of  the  blood.  In  order  to  decrease 
the  danger  of  introducing  oxygen  the  electrode  is  filled  with  hy- 
drogen before  use. 

The  BuSer  Value  of  Serum. 

Since  the  buffer  value  of  a  fluid  means  its  resistance  to  change 
of  reaction  by  the  addition  of  acids  or  bases,  the  change  of  reac- 
tion on  the  addition  or  removal  of  COj  gives  an  index  of  the  buffer 
value.  It  is  only  necessary  to  determine  the  C,,  of  the  serum  at 
two  known  CO)  pressures  to  obtain  an  index  of  the  buffer  value. 
It  would  be  convenient  to  have  some  standard  of  pressure,  and 
10  per  cent  and  3  per  cent  of  an  atmosphere  are  suggested.  If 
the  C0»  pressure  of  the  serum  has  been  determined  by  the  above 
method,  these  data  are  already  at  hand;  if  not,  the  rule  should 
be  always  to  b^jn  with  the  higher  pressure. 
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Thermoregulation. 

Owing  to  the  inconvenience  of  small  thermostats,  the  labo- 
ratory was  kept  within  0.3**  of  22**  by  means  of  an  electric  fan 
and  tbe^  apparatus  shown  in  Fig.  4.  The  essentials  of  a  good 
system  are  low  heat  capacity  of  regulator  and  heater  and  rapid 
conduction.  The  regulator  is  made  of  a  strip  of  invar  and  brass 
welded  together  (combined  thickness,  1  mm.).  The  heater  is 
bare  nichrome  wire  strung  through  the  air. 


novo. 


Fig.  4.    Thermoregulator. 

Table  for  Converting  Millivolts  to  Hydrogen  Ion  ConcerUration. 

Since  the  table  by  Schmidt'  is  for  only  one  temperature,  18°, 
the  range  of  18-30°  was  selected  in  preparing  the  graph  in  Fig.  5. 
In  1908  the  International  Electrical  Congress  established  the  inter- 
national ohm  and  fixed  the  ampere  as  the  current  that  deposits 
0.001118  gm.  Ag  per  second.  Taking  the  atomic  weight  of  Ag  as 
107.88,  the  Faraday  or  electrical  equivalent  is  96,494  coulombs. 
The  value  96,500  has  come  into  use.    If  these  new  data  are  used 

exclusively,  the  formula  for  Ch  is  P^  =  -  log  Ch  =  q  0001984  T 

»  Schmidt,  C.  L.  A.,  Univ,  California  Puhlicaiions,  Physiology,  1905-10. 
iii,  104. 
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which  is  nearly  the  same  as  the  old  formula.  The  value  of  the 
volt  was  still  uncertain,  however,  until  the  International  Commit- 
tee, at  Washington,  1910,  standardized  the  method  of  washing  the 
cathode  of  the  silver  coulometer,  and  fixed  the  e.m.f.  of  the 
International  Standard  Weston  Cell  at  1.0183  at  20°.  According 
to  Rosa,*  it  is  more  nearly  1.01827,  but  this  diflference  is  less  than 
the  individual  variations  of  cells.  It  was  pointed  out  by  WolflP 
that  no  exactly  correct  formula  for  the  temperature  effect  on  the 
E.M.F.  has  been  devised,  and  that  from  2  to  24  hoiurs  are  necessary 
for  equilibrium  after  an  abrupt  change  of  temperature.  From 
Wolff's  formula,  which  is  more  accurate  than  previous  formulas, 
it  may  be  seen  that  the  change  in  e.m.f.  per  degree  is  more  nearly 
0.04  millivolt  than  0.038  ^  given  by  Jaeger  and  Wachsmuth. 
Where  temperature  control  is  not  adequate,  it  might  seem  safer 
to  use  a  cell  from  the  Weston  Company,  saturated  at  4**,  e.m.f.  = 
1.0186,  independent  of  temperature. 

There  is  considerable  difference  in  the  correction  for  calomel 
electrodes  as  applied  by  different  writers.  G.  N.  Lewis*  uses  a 
value  8  millivolts  different  from  that  used  by  other  investigators 
for  the  normal  calomel  electrode.  He  bases  this  value  on  a  calcu- 
lation of  the  dissociation  of  the  acid  used  in  the  normal  hydrogen 
electrode  from  thermodynamical  data,  which  makes  the  dissocia- 
tion of  strong  acids  more  nearly  obey  the  law  of  mass  action. 
Since  so  much  work  is  based  on  the  calculation  of  Ch  from  elec- 
trical conductivity,  it  might  seem  safer  at  present  to  continue 
this  practice. 

Although  the  saturated  KCl  calomel  electrode  of  Michaelis^ 
is  the  most  convenient,  if  work  is  done  at  various  temperatures 
the  0.1  N  KCl  calomel  electrode  is  better  on  account  of  the  lower 
temperature  coeflScient.  Since  there  is  a  variation  in  the  value 
of  the  correction  for  the  0.1  n  electrode  used  by  different  writers, 
it  is  hoped  that  some  standard  value  may  be  decided  on.    Ostwald* 

*  Rosa,  E.  B.,  Vinal,  G.  W.,  and  McDaniel,  A.  S.,  Bull,  of  the  Bureau  of 
Standards,  U.  S.  Depl.  of  Commerce,  1913,  ix,  493. 

*  Wolff,  F.  A.,  Bull,  of  the  Bureau  of  Standards ,  U,  S.  Dept.  of  Commerce, 
1908,  V,  309. 

*  Lewis,  G.  N.,  and  Randall,  M.,  J.  Am.  Chem.  Soc,  1914,  xxxvi,  1969. 
'  Michaelis,  L.,  Die  Wasserstofiionenkonzentration,  Berlin,  1914. 
•Ostwald,  W.,  and  Luther,  R.,  Physiko-chemische  Messungen,  Leipsic, 

3rd  edition,  1910. 
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found  no  difference  due  to  size  of  grain  of  calomel,  since  sa 
of  calomel  contain  grains  of  vaiious  sizes,  and  the  only  var 
is  due  to  impurity  of  ingredients  or  incorrect  concentrat 
KCl,  which  can  easily  be  avoided.  It  is  well  to  seal  the  eld 
in  a  flame  and  have  the  tip  of  the  syphon  always  closed  by  i 
greased  stopniock  or  ground  cap  which  is  immersed  in  a 
vessel  of  0.1  n  KCl  solution;  a  second  syphon  connects 
saturated  KCl.  Auerbach,'  who  corrects  for  the  water  vaj 
the  normal  hydrogen  electrode,  found  the  e.u.f.  of  this 
coupled  with  the  0.1  N  KCl  calomel  electrode  to  be  0.337 
temperatures  from  0-30',  and  it  would  be  convenient  i 
value  were  accepted  generally.    Our  formula  then    bee 

,        „  E.M.F.-0,337 

P,  =  -IogC.  =   0.0001984  T-    The  partial  pressure  of  1 

gen  in  the  hydrogen  electrode  is  reduced  by  ((760  —  baroi 

pressure)  +  (mm.    COt)  +  (mm.   Ni)  +  (vapor   pressure)  ^ 

may  be  made  equal  to  760  mm.  by  applying  pressure  t 

overflow  tube  of  the  hydrogen  electrode  and  closing  the  stop- 

*u         A-               K             *  jw      jj-      *    ■.0.0001984'! 
or  the  reading  may  be  corrected  by  adding  to  it 

where  q  is  the  partial  pressure  of  hydrogen  in  the  elec 
The  nitrogen  pressure  may  be  taken  at  10  mm.  and  the 
pressure  is  practically  that  of  pure  water.  The  correctii 
blood  is  about  1.7  mv.  with  the  barometer  at  740. 

•AuerbBch,  F.,  Z.  Eleklrochem.,  1912,  xviii.  13. 
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t.  The  Tuo  Compartment  Hydrogen  Electrode. 

After  experimenting  for  a  year  with  hydrogen  electrodes  based 
OD  the  form  designed  by  Michaelis,  the  senior  author  attempted 
to  modify  Hasselbalch's  electrode  so  as  to  eliminate  the  danger 
of  loss  of  COj  during  transfer  of  solution.  The  electrode  vessel 
(Fig,  1)  has  two  compartments,  the  smaller  of  which  contains  the 
electrode  proper.  Hydrogen  is  shaken  with  a  portion  of  the  so- 
lution in  the  large  compartment  and  then  passed  through  the 
large  middle  stop-cock  into  the  smaller  compartment  containing 
another  portion  of  the  solution,  where  the  reading  is  made. 
Stop-cock  a  is  not  greased  and  conducts  electrolytically  while 
closed.  Since  the  hydrogen  is  brought  to  an  equilibrium  with 
the  first  portion  of  the  solution,  it  does  not  appreciably  remove 
COi  from  the  second  portion.     The  lower  the  buffer  value  of  the 

*  The  Apparatua  was  bought  out  of  the  Research  Fund  of  the  Graduate 
School. 
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solution,  the  larger  the  large  compartment  should  be.     If  the  two 
compartments  are  the  same  size,  fairly  accurate  readings  may  be 
made  on  blood,  but  if  the  samples  are  not  exceedingly  small  it  is 
better  to  have  the  ratio  of  the  compartments  as  in  Fig.  1.    A 
demonstration  of  the  reliability  of  this  electrode  was  made  by 
charging  it  with  blood  serum  and  making  a  succession  of  read- 
ings from  the  end  of  5  minutes  until  the  end  of  48  hours;  they  were 
the  same  within  1  millivolt.    The  potentiometer  and  Weston  cell 
were  compared  with  ones  recently  calibrated  by  the  Bm-eau  of 
Standards. 

A  description  of  the  technique  of  determinations  on  blood  will 
suggest  the  precautions  necessary  for  any  solution.     The  blood 
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Fig.  1.  Two  compartment  hydrogen  electrode.  Hydrogen  is  shaken 
with  one  portion  of  the  blood  in  the  large  compartment  and  passed  into 
another  portion  of  the  blood  in  the  small  compartment  for  the  measurement 
of  the  electrode  potential. 

is  collected  as  described  by  McClendon  (1916  a),  and  the  de- 
fibrinated  blood  or  serum  used,  or  it  is  passed  directly  into 
the  electrode  by  means  of  a  rubber  tube  connected  to  the 
needle  or  cannula  in  the  blood  vessel.  In  the  latter  case,  the 
electrode  must  contain  some  hirudin  or  isotonic,  neutralized  so- 
dium oxalate.  The  dilution  of  blood  with  an  equal  volume  of  a 
neutral  solution  of  low  buffer  value  has  been  shown  by  Michaelis, 
and  more  recently  by  Corral,  to  have  no  perceptible  effect  on 
the  reaction. 

In  order  to  obtain  absolute  values,  the  electrode  must  be 
cleaned  with  potassium  bichromate  in  H2SO4  and  replatinized  a 
few  seconds  by  removing  the  stop-cock  a  and  inserting  a  plati- 
num wire  anode  through  the  opening  6  (Fig.  1).     It  is  then  thor- 
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oughly  rinsed  with  distilled  water  (and  the  stop-cock  a  lubricated 
with  serum  or  KCl  and  glycerol)  and  filled  with  pure  hydrogen; 
a  drop  of  water  in  the  trap  t  serving  to  prevent  the  backward  dif- 
fusion of  air  until  all  stop-cocks  are  closed.  The  rubber  tube 
admitting  the  blood  is  connected  to  a,  and  the  air  in  it  allowed 
to  pass  out  at  6,  after  which  this  stop-cock  is  turned  so  as  to 
admit  the  blood  into  the  electrode,  when  the  other  stop-cocks  are 
opened.  The  blood  is  allowed  to  enter  until  it  reaches  the 
mark  m,  the  apparatus  then  containing  5  cc.  of  blood  and  1.5  cc. 
of  hydrogen. 

All  the  stop-cocks  are  closed  and  the  apparatus  is  shaken  or 
inverted  200  times.  The  middle  stop-cock  is  opened  and  the 
apparatus  tapped  or  swung  so  as  to  cause  the  hydrogen  to  pass 
into  the  smaller  compartment  by  displacing  part  of  the  blood. 
This  backflowing  blood  helps  to  complete  the  equilibration  of 
the  hydrogen  in  regard  to  CO2.  The  smaller  compartment  now 
contains  1.5  cc.  of  hydrogen  and  0.5  cc.  of  blood,  and  is  shaken 
or  inverted  200  times;  and  the  stop-cock  at  a  is  immersed  in  the 
KCl  solution  connected  with  the  calomel  electrode.  The  connec- 
tion is  completed  by  hooking  a  wire  in  the  platinum  loop  p,  the 
wire  being  bright  and  weighted  sufficiently  to  maintain  a  good 
contact. 

If  there  is  but  little  oxygen  in  the  blood,  the  definitive  reading 
should  be  obtained  immediately  (provided  it  is  the  same  tem- 
perature as  the  calomel  electrode),  but  if  it  contains  much  oxy- 
hemoglobin the  reading  will  be  too  low,  and  will  slowly  rise  as 
the  oxygen  combines  with  the  hydrogen  in  the  platinum  black. 
If  more  than  15  minutes  are  allowed  to  elapse,  the  electrode 
should  be  shaken  in  order  to  bring. a  fresh  layer  of  blood  into 
contact  with  the  platinum  before  another  reading.  It  is  not 
necessary  to  shake  continuously,  as  recommended  by  Hassel- 
balch,  but  continuous  shaking  hastens  the  disappearance  of  the 
oxygen.  If  much  hydrogen  disappears  by  combination  with  the 
oxygen,  it  is  necessary  to  restore  atmospheric  pressure  by  momen- 
tarily opening  the  stop-cocks  c  and  rf,  but  this  cannot  be  done 
more  than  once  without  danger  of  admitting  oxygen  from  the  air. 

Since  convenience  and  accuracy  depend  on  the  details  of  the 
construction  of  the  electrode,  a  few  words  as  to  its  manufacture 
may  be  permitted.    If  platinum  is  used  for  the  electrode  proper, 
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it  must  be  exceedingly  thin  so  as  not  to  absorb  an  appreciable 
amount  of  hydrogen.    Gold  is  much  better,  but  must  be  attached 
to  a  platinum  wire  fused  through  the  glass.    Platinum  may  be 
welded  to  platinum  at  a  white  heat,  but  gold  melts  at  this  tem- 
perature.    It  is  better  to  melt  a  drop  of  gold  on  the  end  of  the 
platinum  wire  and  hammer  this  drop  (after  cooUng)  to  the  gold 
disc.     In  doing  this,  a  gold  wire  or  scrap  of  foil  is  wrapped 
around  the  end  of  the  platinum  wire  and  held  in  the  flame  until 
it  is  just  melted.     If  held  in  the  flame  longer,  the  gold  will  amal- 
gamate with  the  platinum,  forming  a  brittle  alloy. 

The  bore  of  stop-cock  c  should  be  at  least  3  mm.,  as  the  larger 
it  is  the  more  easily  the  hydrogen  is  caused  to  pass  into  the 
small  compartment.^ 

2,  The  Hydrogen  Ion  Concentration  of  Blood  and  Serum. 

It  is  stated  by  Hasselbalch  and  others  that  serum  is  more 
alkaline  than  blood.  Hasselbalch  found  that  the  less  oxygen 
blood  contained,  the  more  alkaline  it  appeared  to  be  when  meas- 
ured by  the  hydrogen  electrode.  Since  hemoglobin  may  csLrry  a 
large  store  of  oxygen,  the  discrepancy  between  the  reaction  of 
blood  and  serum  is  apparently  due  to  faulty  technique.  Al- 
though it  is  theoretically  impossible  for  the  mere  proximity  of  the 
corpuscles  to  change  the  reaction  of  the  plasma,  and  Michaelis 
claims  that  coagulation  does  not  afifect  the  reaction,  it  seemed 
advisable  to  test  this  question  experimentally.  The  result  was 
that  the  reaction  of  serum  and  defibrinated  blood  from  the  same 
source  and  without  loss  of  CO2  is  the  same.  This  tells  nothing 
concerning  the  reaction  of  the  interior  of  the  corpuscles  or  the 
effect  of  laking  on  the  reaction  of  the  blood,  which  will  be  consid- 
ered in  a  later  paper. 

Hasselbalch  states  that  the  Ph  (=  —  log  H)  of  blood  is  0.17 
lower  at  37°  than  at  19°,  and  Michaelis  states  that  Ph  determina- 
tions at  37°  are  0.21  lower  than  the  average  of  determinations  on 
different  persons  at  room  temperature.  Since  Corral  and  others 
have  not  observed  high  temperature  coefficients  for  the  hydrogen 

1  The  best  electrodes  were  blown  by  A.  S.  Jones,  62  Alexander  St., 
Princeton,  N.  J.,  who  also  made  the  stop-cocks,  and  the  tonometers  to  be 
described. 
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ion  concentration  of  various  buffer  mixtures,  it  seemed  strange 
that  the  blood  should  be  an  exception.  In  order  to  test  this, 
two  saturated  KCl  calomel  electrodes  were  compared  at  the 
same  temperature  and  found  to  be  alike.  One  of  them  was  placed 
in  a  thermostat  at  37°  and  allowed  to  remain  3  days,  since  Wolflf 
foimd  it  took  a  long  time  to  come  to  equilibrium.  Blood  and 
serimi  were  tested  at  23°  and  at  37°  against  these  calomel  elec- 
trodes. The  difference  in  the  Ph  at  the.  two  temperatures  was 
not  greater  than  0.02  and  was  therefore  within  the  limit  of  ex- 
perimental error.  The  same  was  found  true  of  NaHCOj  solu- 
tions. This  experiment  was  repeated  with  0.1  n  KCl  calomel 
electrodes.  The  P^  was  lower  at  the  higher  temperature,  but  the 
difference  did  not  exceed  0.01  to  0.07  when  corrected  for  the 
increased  vapor  tension  of  water. 

The  reason  for  using  two  types  of  calomel  electrodes  is  that 
the  result  depends  on  the  value  of  the  e.  m.  f.  of  the  calomel 
electrode  against  the  normal  hydrogen  eleqtrbde,  as  calculated 
by  different  investigators.  In  such  calculations  the  hydrogen  ion 
concentration  in  the  hydrogen  electrode  is  determined  by  elec- 
tric conductivity  or  other  indirect  means.  Ellis  observed  that  the 
H  ion  concentration  of  HCl,'  even  at  0.005  n,  is  different,  when  cal- 
culated from  conductivity  data,  from  the  value  obtained  by  elec- 
trode potential.  For  this  reason  the  results  obtained  on  blood 
at  different  temperatures  are  not  to  be  considered  absolute,  but 
merely  reproducible  by  using  the  ordinarily  accepted  data,  as 
given  by  McClendon  (1916  a.  Fig.  5)  and  Michaelis. 

Since  the  viscosity  of  water  decreases  with  rise  of  temperature 
the  dissociation  of  acids,  calculated  from  conductivity  data,  is 
erroneous  unless  these  data  are  corrected  for  viscosity.  Owing  to 
the  increased  dissociation  at  higher  temperature,  the  Ph  of  pure 
water  is  about  0.3  less  at  37°  than  at  18°,  but  the  Ph  of  an  alka- 
line solution  should  be  greater  at  the  higher  temperature.  We 
found  the  Ph  of  n  NaHCOa  to  be  7.9,  the  Ph  of  0.1  n  solution, 
which  is  dissociated  (hydrolytically)  to  a  greater  extent,  to  be 
8.3.  The  latter  result  confirms  that  of  Auerbach  and  Pick. 
Apparently  the  effect  of  rise  in  temperature  increasing  the  disso- 
ciation of  water  and  thus  decreasing  the  Ph  is  partly  counterbal- 
anced by  the  greater  dissociation  of  alkaline  salts,  increasing  the 
Ph,  so  that  the  reaction  of  the  blood  remains  nearly  the  same  when 
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measured  by  means  of  the  hydrogen  electrode  at  different  tem- 
peratures. The  dissociation  of  water  and  hence  the  hydroxyl 
ion  concentration  in  the  blood  increase  with  rise  in  temperature; 
hence  the  blood  becomes  more  alkaline  with  rise  in  temperature, 
as  pointed  out  by  Hober. 

Hasselbalch  has  shown  that  the  P^  of  arterial  blood  (ue.,  at 
alveolar  CO2  tension)  is  remarkably  constant.  On  the  contrary, 
Menten  and  Crile  claim  that  the  blood  returning  from  different 
organs  shows  great  differences  in  Ph.  The  unpublished  deter- 
minations which  the  senior  author  made  for  Dr.  Uhlrich,  using 
electrodes  previously  described,  showed  variations  in  the  P^  of 
venous  blood.  The  average  Ph  of  venous  blood  is  less  than  0.05 
lower  than  that  of  arterial  blood,  and  smaller  fluctuations  in  the 
CO2  content  must  necessarily  have  less  effect  on  the  reaction. 
The  records  in  the  literature  of  the  CO2  content  of  blood  ret\U"n- 
ing  from  various  organs  are  very  discordant.  According  to  Hill 
and  Nabarro,  activity  of  an  organ  sometimes  reduces  the  CO2 
content  of  its  venous  blood  because  the  effect  of  increased  me- 
tabolism is  overcompensated  by  vascular  dilatation.  Perhaps  the 
chief  cause  in  the  variations  in  the  P^  of  venous  blood  is  the 
variation  in  the  blood  flow,  and  hence  stasis  attending  the  collec- 
tion, which  is  more  or  less  unavoidable  in  the  human  subject,  is  a 
real  source  of  error. 

It  has  been  thoroughly  established  that  changes  in  the  H  ion 
concentration  of  the  blood  affect  the  respiratory  center,  but  for 
those  who  hope  to  detect  a  change  in  the  reaction  of  the  blood 
during  dyspnea,  a  little  calculation  may  be  of  interest.  Haldane 
and  Priestley  observed  that  a  rise  of  0.2  per  cent  in  the  CO2  of 
the  alveolar  air  doubles  lung  ventilation.  The  change  in  the  H 
ion  concentration  of  the  blood  caused  by  a  rise  in  the  CO2  tension 
of  0.2  per  cent  of  an  atmosphere  is  far  within  the  limits  of  error  of 
the  gas  chain  method  as  applied  to  blood.  Hence  measurable 
changes  in  the  Pe  of  arterial  blood  mean  changes  in  the  threshold 
for  stimulation  of  the  respiratory  center  as  in  shock  or  after 
drugs. 

The  respiratory  center  is  apparently  not  so  sensitive  to  the  in- 
fusion of  HCl  into  the  blood,  but  this  may  be  due  to  a  difference 
in  permeability  and  concentration  gradient.  Since  CO2  is  pro- 
duced by  the  respiratory  center,  an  increase  in  this  gas  in  the  blood 
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would  decrease  the  outward  diffusion  from  the  center,  which 
would  become  less  alkaline.  A  mere  increase  in  the  H  ion  con- 
centration of  the  blood  would  have  much  less  eflFect  on  the  dififu- 
sion  of  COj,  since  only  a  minute  fraction  of  the  latter  is  dissociated. 
If  acid  were  injected  until  free  acid  appeared  in  the  blood,  some 
would  diffuse  into  the  respiratory  center.  Judging  by  experi- 
ments on  other  cells,  fatty  acids  should  diffuse  in  faster  than  min- 
eral acids,  and  hence  be  more  effective  in  increasing  respiration, 
as  is  actually  found  to  be  the  case. 

When  HCl  is  added  to  blood  in  vitro,  its  content  of  free  CO2 
is  increased,  but  it  is  incorrect  to  suppose  that  the  same  final 
result  is  obtained  by  infusion  of  HCl.  In  the  latter  case  the 
respiratory  center  is  stimulated  and  the  CO2  eliminated,  so  that 
in  a  short  time  the  CO2  tension  of  the  blood  is  below  normal. 
Since  the  content  of  the  blood  in  free  CO2  varies  directly  with  the 
COf  tension,  the  infusion  of  HCl  reduces  the  free  CO2  in  the 
blood.  The  reduction  is  not  suflScient,  however,  to  maintain  the 
normal  reaction  of  the  blood,  as  first  shown  by  Szili. 

Owing  to  the  impossibility  of  measuring  the  H  ion  concentration 
of  the  respiratory  center  itself,  all  factors  with  a  possible  influ- 
ence on  it  should  be  studied.  For  this  reason  attention  is  called, 
in  the  next  section,  to  the  buffer  value. 

The  normal  Ph  of  venous  blood  seems  to  fluctuate  about  7.5, 
and  that  of  arterial  blood  to  be  a  little  higher,  but  the  difference 
is  not  usually  measurable.  The  number  of  determinations  have 
been  too  few,  however,  to  separate  individual  variations  entirely 
from  errors,  and  no  absolute  values  can  be  given. 

5.  The  Combined  Tonometer  and  Hydrogen  Electrode. 

A  combined  tonometer  and  hydrogen  electrode  was  described 
by  Peters,  but  the  large  rubber  stopper  rendered  it  objectionable. 
The  form  shown  in  Fig.  2  has  been  found  convenient  and  reliable. 
The  gold  disc  with  platinum  wire  p  is  sealed  in  the  2  cc.  com- 
partment, and  the  stop-cock  c  is  lubricated  with  a  conducting 
solution  and  immersed  in  the  KCl  trough  so  that  this  part  of  the 
apparatus  can  be  used  as  a  hydrogen  electrode  in  the  same  man- 
ner as  the  form  shown  in  Fig  1.  The  description  of  the  manipu- 
lation of  the  apparatus  for  blood  is  the  same  as  for  any  other 
fluid.     The  blood  is  admitted  at  a  until  it  completely  fills  the 
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Fla.  2.  Combined  tODOmcter  and  hydrogen  electrode.  Blood  ia  possi 
from  the  2  cc.  compartment  into  the  100  cc.  tonometer  and  back  int«  t! 
2  cc.  compartment,  where  the  electrode  potential  is  determined. 
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2  cc.  compartment,  and  the  stopHCOcke  are  closed.  The  appa- 
ratus is  set  up  vertically  and  a  rubber  tube  from  a  mercury  fun- 
nel attached  to  the  lower  end  e.  By  raising  the  funnel,  the  100 
cc.  tonometer  is  filled  with  mercury  which  forces  the  air  out  at  a. 
The  tubes  from  the  hydrogenandCOigenerators  are  provided  with 
overflows  o  to  keep  these  gases  at  constant  and  approximately 
atmospheric  pressure.  The  COj  is  admitted  at  a,  and  the  stop- 
cock a  turned  so  as  to  force  out  the  contained  air  at  the  side 
opening  b,  and  then  turned  back  so  as  to  allow  the  COi  to  enter 
the  tonometer  when  the  funnel  is  lowered.  When  the  required 
per  cent  of  COj  is  read  off  on  the  graduations  of  the  tonometer, 
the  stop-cocks  c  and  a  are  closed,  the  hydrogen  tube  is  connected 
to  a,  the  air  washed  out  at  b,  the  tonometer  filled  with  this  gas, 
and  e  closed.  The  stop-cock  a  is  so  turned  as  to  connect  the 
2  cc.  chamber  with  the  tonometer  by  means  of  a  hole  that  is 
at  least  of  3  mm.  bore.  By  tapping  or  swinging  the  apparatus, 
the  blood  is  shaken  down  into  the  tonometer,  which  is  rotated  on 
-its  long  axis  (placed  horizontally)  by  means  of  a  rubber  band 
passed  around  a  revolving  axle  above  it.  About  0.5  cc.  of  the 
blood  is  shaken  back  into  the  2  cc.  chamber,  c  immersed  in  the 
KCl  solution,  p  connected  to  a  wire,  and  the  reading  taken  in  the 
usual  manner. 

The  remainder  of  the  blood  in  the  tonometer  is  forced  into  the 
2  cc.  chamber  by  means  of  mercury,  and  the  second  COj  mix- 
lure  made  in  the  tonometer  in  the  same  manner  as  the  first.  The 
same  sample  of  blood  will  do  for  a  series  of  determinations  pro- 
vided the  mercury  is  pure.  Before  using  the  apparatus,  it 
should  be  prepared  in  the  same  manner  as  the  electrode  shown  in 
Fig.  1. 

4-  Charts  for  Finding  the  Buffer  Value  of  Blood  and  Serum. 

In  a  previous  paper  {McClendon,  1916  a)  the  buffer  value  was 
indicated  by  the  difference  between  the  P„  at  3  per  cent  and  at  10 
per  cent  COt  tension.  The  difference  in  this  index  of  the  buffer 
value  for  different  bloods  is  so  small  as  to  make  the  charts  shown 
in  Fig.  3  desirable  as  aids  in  its  determination.-     They  wilt  at 

*  The  quantity  of  data  used  in  the  making  of  these  charts  is  not  as 
large  ae  might  be  desired,  but  the  tact  that  the  junior  author  cannot  con- 
tinue the  work  makes  it  necessary  to  publish  them  in  their  present  form. 
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least  Berve  as  guides  in  the  construction  of  similar  charts  bj  in< 
Testigators  engaged  in  similar  work.  The  data  on  blood  are  not 
in  disagreement  with  the  limited  observations  of  Hasselbalch,  but 
no  comparative  data  on  serum  were  found  in  the  Uteratnre.  Tht 
P,  values  found  by  Hdber  are  too  low, 


Fig.  3.  Curvea  showing  the  change  of  Pa  {-  —  log  H  ion  coneeDtrktion) 
with  change  of  COi  tension.  On  the  ordinates  are  measured  the  percent- 
ages of  an  atmosphere  in  moist  COi,  and  these  may  be  reduced  to  mm.  of 
dry  COi  by  multiplying  by  7.3,  since  the  tension  of  water  vapor  was  30 
mm.  and  the  barometric  pressure  740  mm.  At  high  sltitudea  all  calcula- 
tions should  be  made  in  mm.,  but  near  the  sea  level  the  error  is  not^ap- 
preciable  if  the  calculations  are  made  in  percentage  of  an  atmosphere, 
,aa  a  slight  change  in  C0|  tenaionmakes  a  much  smaller  change  in  Pa.  The 
electrode  potential  calculated  for  760  mm.  of  dry  hydrogen  was  need  in 
determining  the  Pa. 


Since  the  P„  of  arterial  blood  both  in  health  and  < 
remarkably  constant  (about  7.5)  the  curve  in  the  chart  corre- 
sponding to  any  sample  of  blood  or  serum  may  be  foimd  by  one 
observation.  If  the  alveolar  COi  tension  by  the  Haldane  method 
is  determined,  the  curve  is  the  one  passing  through  the  inter- 
section of  this  COi  tension  and  the  Pg  =  7.5  line.  II  the  P, 
at  any  known  COj  tension  is  determined,  the  curve  is  the  one 
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at  the  intersection  of  these  Fb  and  COi  tension  coordinates,  and 
the  intersection  of  this  curve  with  the  P^  =  7.5  line  shows  the 
alveolar  CO)  tension  (unless  the  respiratory  center  is  abnormal  as 
in  shock  or  after  caffeine  or  morphine). 

The  alveolar  CO)  tension  by  Haldane's  method  is  practically 
the  same  as  that  of  the  arterial  blood.  The  alveolar  COt  tension 
by  Plesch's  method  may,  by  proper  manipulation,  be  made  to 
show  the  average  COi  tension  of  the  venous  blood.  The  normal 
arterial  COj  tension  of  the  arterial  blood  is  about  5.2  per  cent, 
and  of  the  average  venous  blood  about  6  per  cen  t  of  an  atmosphere, 
or  about  16  per  cent  higher  than  arterial.  Higgins  used  a  modified 
Plesch  apparatus,  in  which  the  entire  air  was  rebreathed  four 
times  (about  20  seconds),  and  obtained  values  about  20  per 
cent  higher  than  by  Haldane's  method.  It  would  be  interesting 
to  know  whether  such  a  ratio  is  constant  even  when  cases  of  ex- 
tremely low  CO)  tension  are  included.  If  such  were  the  case, 
the  true  alveolar  COi  tension  might  be  calculated  from  the 
results  by  the  Plesch  method. 

The  striking  fact  shown  by  the  charts  is  that  the  buffer  value 
of  the  blood  or  serum  depends  on  its  COi  tension.  Below  1  per 
cent  CO)  tension,  the  buffer  value  is  almost  nil.  Above  5  per 
cent  CO)  tension,  the  buffer  value  of  the  blood  is  almost  infinite, 
while  that  of  the  serum  is  somewhat  less.  Therefore,  the  buffer 
value  6(  the  blood  of  a  patient  with  alveolar  COj  tension  equal 
to  less  tlxan  1  per  cent  of  an  atmosphere,  is  so  low  as  to  make 
it  probable  that  great  local  differences  in  the  reaction  of  the  blood 
exist  in  the  body.  Such  local  variations  probably  have  a  great 
deal  to  do  with  the  dyspnea  of  many  patientR.  The  acid  pro- 
duced in  the  respiratory  center  itself  may  be  very  poorly  neutral- 
ized by  the  blood,  and  temporary  increased  breathing  must, 
result, 

6.  The  Indicator  Method  for  Determining  the  Buffer  Value. 

At  the  request  of  Dr.  Rowntree  we  have  calibrated  his  indicator 
method  for  determining  the  reaction  of  blood.  Phosphates  of 
known  water  content  were  used  to  make  solutions  according  to 
Sorensen's  directions,  and  portions  of  the  same  phosphates  sent 
to   Hynson,   Westcott  and   Company    for  the  manufacture  of 
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sealed  tubes  of  standard  solutions  colored  with  phenolsulfone- 
phthalein.  These  tubes  were  then  compared  with  similar  ftne^ 
calibrated  by  the  gas  chain  method.  The  only  difficulty  ex- 
perienced was  in  obtaining  ''nonsol"  tubes  of  exactly  1  cm. 
bore,  a  small  divergence  from  which  caused  an  appreciable  error. 
Blood  was  tested  by  the  gas  chain  method  and  then  dialyzed 
7  minutes  against  isotonic,  neutral  (tested)  NaCl  solution  in 
stoppered  "nonsoF'  tubes  and  tested  with  phenolsulfonephthalein. 
If  the  transfer  and  other  manipulations  were  sufficiently  rapid 
so  as  not  to  lose  CO2  appreciably  into  the  air,  and  the  tubes  were 
of  exactly  1  cm.  bore,  the  results  did  not  disagree  with  those  of 
the  gas  chain  method.  The  latter  could  be  read,  however,  to 
one  more  decimal  place.  In  attempting  to  prevent  CO2  loss  by 
a  layer  of  oil,  it  should  be  remembered  that  CO2  is  more  soluble 
in  oil  than  in  water,  and  the  oil  merely  lessens  convection  (by  its 
non-miscibility ) . 

The  following  method  for  determining  the  buflfer  value  clinically 
is  suggested.  3  or  more  cc.  of  blood  mixed  with  hirudin  or  neutral- 
ized oxalate  are  introduced  into  a  100  cc.  tube  with  openings  at 
each  end  of  1  cm.  bore  provided  with  rubber  tubes  and  pinch- 
cocks.  The  blood  is  introduced  into  this  tube  and  the  breath 
of  a  person  of  normal  (previously  tested)  alveolar  CO2  tension 
blown  through  it,  the  pinch-cocks  being  closed  after  the  last 
breath  is  forcibly  expelled.  The  tube  is  rotated  10  minutes  and 
the  reaction  of  the  blood  determined  by  the  indicator-dialysis 
method.  The  intersection  of  the  line  of  this  PnWith  the  5.2  per  cent 
CO2  tension  line  in  the  chart  will  show  the  curve  corresponding 
to  the  blood  sample.  The  intersection  of  this  curve  with  the 
7.5  Ph  line  will  show  the  alveolar  CO2  tension  of  the  patient  (the 
error  will  be  small  except  in  case  of  shock  or  after  certain  drugs). 

6,  The  Indicator  Method  for  Pjj  of  Stomach  Contents. 

Stomach  contents  were  dialyzed  through  collodion  sacs  as  first 
tried  by  Fowler,  Bergeim,  and  Hawk.  The  buflfer  value  varies 
directly  with  the  Ph  and  is  very  low  for  high  acidity,  in  which  case 
the  volume  of  the  stomach  contents  in  the  sac  should  far  exceed 
that  of  the  1  per  cent  NaCl  solution  in  the  tube  containing  the 
sac.  For  low  acidity,  Davidsohn  has  shown  that  dilution  affects 
the  Ph  very  little. 
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The  dialysate  was  compared  with  the  published  colored  chart 
(Mctl^lendon,  1916  b),  using  the  indicators  noted  in  the  chart.  A 
calibration  of  this  method  showed  that  it  was  significant  for  the 
integral  part  of  the  Ph-  Sealed  tubes  of  standard  solutions  with 
some  of  the  indicators  were  made  also  but,  unfortunately,  methyl 
violet,  the  most  useful  indicator,  fades  in  very  acid  solutions. 
Mauveine  was  not  obtainable,  but  it  is  hoped  that  it  would  not 
fade  so  rapidly.  Neutral  red  shows  a  striking  change  to  blue  in 
very  acid  solutions,  but  the  acidity  required  is  higher  than  is 
usually  the  case  with  stomach  contents. 

In  conclusion,  thanks  are  due  to  Dr.  J.  W.  Northington  and 
Miss  Swift  for  aid  in  the  collection  of  blood  samples. 
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The  object  of  the  present  paper  is  to  throw  hght  on  the  factoiB 
influencing  the  oxidation  rate  of  living  celb.  Henze  (1910,  a) 
observed  that  sea  anemones  use  less  oxygen  wheD  less  is  present 
in  the  sea  water,  but  interpreted  this  as  due  to  the  time  required 
for  diffusion  into  the  animal.  That  is  to  say,  he  supposed  that 
all  of  the  cells  were  not  supplied  with  oxygen  when  there  was 
little  in  the  sea  water.  If  oxygen  was  entirely  absent  in  some  <^ 
the  cells,  the  decreased  oxidation  may  have  been  merely  the 
expression  of  the  lesser  number  of  cells  taking  part  in  the  metabo- 
lism. Burrows  showed  that  tissue  cells  require  a  certain  oxygen 
tension  for  growth,  and  Loeb  and  Wasteneys  found  that  the 
heart  beat  of  Fundulus  embryos  may  be  slowed  by  reducing  the 
oxygen.  The  growth  of  Fundulus  may  be  suspended  by  lack 
of  oxygen  and  may  be  slowed  by  diminishing  the  oxygen. 

EXPERIMENTAL. 

The  oaloriniet«r  conaiated  of  either  an  840  cc.  or  a  900  cc.  Dewar  flagk 
(thermoB  bottle)  encloeed  in  an  air  tight  container,  which  was  immersed 
in  water  that  was  maintained  at  the  same  temperature  as  the  water  in  the 
flaak,  within  0.003°.  The  technical  difficultiee  were  met  as  follows:  Two 
Beckmami  thermometers  were  adjusted  and  compared  over  the  range  of 
temperatures  of  the  experiments,  and  fitted  with  reading  lenses  to  esti- 
mate down  to  O.OOP.  A  large  tank  of  sea  water  was  brought  to  30*  (which 
was  about  the  temperature  of  the  air)  and  its  pH  and  O,  and  C0|  content 
determined.  Some  of  this  sea  water  waa  dipped  out  and  a  Cassiopea  in- 
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troduced  into  it.  The  thermos  bottle,  stopper,  and  thermometers  were 
immersed  in  the  large  tank  until  they  reached  the  temperature  of  the 
water.  The  Cassiopea  was  transferred  to  the  thermos  bottle  and  a  perfo- 
rated cork  stopper  inserted  with  the  exclusion  of  air  bubbles.  One  Beck- 
n\ann  thermometer  was  inserted  through  the  perforation  in  the  stopper 
and  the  other  suspended  in  the  tank,  near  the  middle  of  the  thermos  bottle. 
A  small  hole,  remaining  in  the  stopper  for  exit  of  displaced  water,  was 
closed  with  wax.  The  pulsations  of  the  Cassiopea  stirred  the  water 
inside  the  thermos  bottle;  and  the  water  in  the  tank  was  mechanically 
stirred  and  was  kept  at  the  same  temperature  as  that  inside  the  thermos 
bottle  by  additions  of  small  portions  of  warmer  or  colder  water  as  re- 
quired. The  light  was  excluded  by  the  silvering  and  coverings  of  the . 
thermos  bottle,  but  in  some  experiments,  in  which  a  900  cc.  glass  jar  with 
ground  glass  cover  was  used  in  place  of  the  thermos  bottle,  the  light  could 
be  excluded  by  darkening  the  tank,  so  as  to  prevent  photosynthesis  in 
the  symbiotic  plant  cells.  Time  was  measured  by  means  of  a  stop-watch 
and  a  clock.  The  same  Cassiopea  was  used  in  a  series  of  experiments. 
The  oxygen  in  the  sea  water  was  determined  by  the  Winkler  method, 
which  can  be  corrected  for  the  slight  error  due  to  a  slight  amount  of  or- 
ganic matter  given  out  by  Cassiopea,  and  it  was  thought  impracticable  to 
use  the  complicated  method  of  Shutzenberger  and  Risler  (Henze,  1910,  b). 
A  250  cc.  glass-stoppered  bottle  was  weighed  empty  and  full  of  distilled 
water  at  a  known  temperature,  in  order  to  standardize  its  volume.  It  was 
fitted  with  a  double-bored  rubber  stopper  and  a  long  and  a  short  glass 
tube  with  rubber  connections.  The  bottle  was  filled  with  mercury  and 
the  long  glass  tube  sucked  full  of  the  water  to  be  analyzed  and  the  stopper 
inserted.  By  inverting  the  bottle,  the  sea  water  was  siphoned  into  it, 
when  the  rubber  stopper  was  removed  and  the  glass  stopper  ipserted. 
The  glass  stopper  was  lifted  and  1  cc.  of  alkaline  KI  solution  and  1  cc.  of 
40  per  cent  MnCla  solution  introduced  (correction  being  made  for  this  in 
the  Ot  calculation)  and  the  stopper  inserted.  Colloidal  membranes 
formed  about  the  drops  of  alkali  and  violent  shaking  was  necessary  to 
break  them.  After  the  precipitate  had  settled,  2  cc.  of  concentrated  HCl 
were  added  and  the  stopper  inserted  and  the  bottle  shaken.  Its  contents 
were  transferred  to  a  flask  and  titrated  with  0.01  n  sodium  thiosulfate 
solution  until  the  yellow  color  disappeared,  then  starch  solution  was 
added  and  the  titration  continued  until  the  blue  color  disappeared,  then 
the  water  was  poured  into  the  bottle  and  back  into  the  flask  and  titrated 
until    the    blue    color    disappeared.    The    calculation    was   as   follows: 

0.056  X  cc.  thiosulfate  -  v-         *  ^  ,  .*• 

r- p-r = ^  =  cc.  of  oxygen  per  liter  of  sea  water,  and  this 

capacity  of  bottle  —  2 

quotient  X  0.9  =  cc.  of  oxygen  in  calorimeter  (on  the  assumption  that 

the  concentration  of  oxygen  in  the  Cassiopea  was  the  same  as  that  in  the 

sea  water). 

In  order  to  reduce  the  carbonate  content,  the  alkaline  KI  solution  was 

made  fresh  every  few  days  from  two  stock  solutions.    Carbonate-free 

KaOH  solution  was  made  by  dissolving  100  gm.  of  NaOH  in  100  cc.  HsO 
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in  a  glass-stoppered  bottle  and  pipetting  off  after  the  carbonate  had  set- 
tled. One  part  of  this  was  mixed  with  one  part  of  20  per  cent  KI  solu- 
tion before  being  used.  NaOH  made  from  metallic  sodiima  contained 
a  trace  of  nitrite  and  NaOH  purified  by  alcohol  contained  but  little  more. 
This  nitrite  causes  no  error  if  the  titration  is  quickly  made  immediately 
after  adding  the  acid,  but  the  contents  of  the  flask  slowly  turn  blue  for 
hours  after  the  end-point  has  been  reached.  If  the  acidity  is  greatly  in- 
creased, however,  the  nitnte  causes  an  appreciable  error  in  the  titration. 

The  MnCls  solution  contained  a  trace  of  Mn(OH)i,  but  this  was  re- 
moved by  decantation.  The  thiosulfate  was  dissolved  in  COs-free  water 
and  kept  in  an  automatic  burette  with  soda-lime  tubes,  and  standardized 
with  pure  iodine.  The  starch  solution  was  allowed  to  settle  and  only  the 
clear  upper  portion  used.  When  dextrins  appeared  in  it,  a  fresh  solution 
was  prepared. 

The  number  of  gm.  of  chlorine  per  kilo  of  sea  water  (abbreviated  CI) 
was  determined  by  titrating  with  a  silver  nitrate  solution  standardized 
with  standard  sea  water  from  the  International  Commissi pn.  The  alka- 
line reserve  was  determined  by  titrating  100  cc.  of  sea  water  with  0.01  N 
HCl,  while  boiling  in  a  500  cc.  Erlenmeyer  flask  of  resistance  glass,  using  .^ 

dibrom-o-cresolsulfophthalein  as  indicator,  until  every  trace  of  purple 
color  had  permanently  disappeared.    The  water  must  not  dry  on  the  sides  t 

of  the  flask.  The  pH  was  determined  colorimetrically  by  means  of  the 
method  and  identical  tubes  previously  described  (McClendon,  1917,  6). 
Correction  was  made  for  CI.  It  was  found  that  new  supplies  of  indicators 
must  be  tested  before  being  used  to  see  that  they  have  the  proper  pH 
range.  The  total  COt  was  determined  from  the  pH  and  alkaline  reserve 
by  means  of  the  conversion  table  (McClendon,  1917,  b). 

The  weights  and  one  thermometer  were  standardized  by  the  United 
States  Bureau  of  Standards  and  the  other  apparatus  was  standardized 
with  them. 

Although  pH  and  CO2  determinations  were  made  in  all  ex- 
periments, it  was  found  that  the  oxygen  absorbed  could  be  de- 
termined much  more  accurately  than  the  CO2  given  out,  and  the 
CO2  determinations  are  not  listed  with  the  experiments,  but  are 
collected  together  in  the  form  of  respiratory  quotients.  The 
respiratory  quotients  were  0.7,  0.74,  0.76,  0.84,  0.85,  0.86,  0.88, 
0.9,  0.91,  0.92,  0.97,  0.99,  1,  1.02,  1.03,  1.1,  1.15,'  1.2.  It  was 
impossible  to  tell  whether  this  variation  is  due  entirely  to  errors 
in  the  COj  determinations  or  whether  the  respiratory  quotient 
varied.  It  is  improbable,  however,  that  respiratory  quotients  of 
1.2  existed  for  even  short  periods  of  time,  and  these  at  least  may 
be  considered  due  to  technical  errors.  According  to  Mayer 
(1914)  Cassiopea  Uves  on  animal  food  exclusively  and  does  not 
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absorb  carbohydrates  from  its  symbiotic  algse,  since  it  starves 
as  rapidly  in  the  light  as  in  the  dark.  It  may,  however,  get  some 
carbohydrates  from  its  animal  food,  or  from  glycoproteins  dur- 
ing starvation.  In  this  connection  it  may  be  of  interest  to  note 
that  Cassiopea  secreted  a  mucin-like  substance.  Since  the  error 
in  estimating  COj  production  may  be  30  per  cent  in  half  hour 
experiments  with  smill  Caaniopeas,  it  is  convenient  to  assume 
that  the  rcspiratoiy  quotient  is  constant  and  is  about  0.95,  which 
is  also  the  average  found  by  Vernon  for  the  hardier  species  of 
ip'.lyfish  on  which  he  made  most  of  his  determinations. 

The  oxygen  consumption  is  about  doubled  when  the  tempera- 
ture is  raispd  from  20°  to  30°,  and  from  results  on  other  animals 
is  probably  an  exponential  function  of  the  difference  in  tempera- 
ture. Harvey  (Mayer,  1917)  found  the  velocity  of  the  nerve 
impulse  in  Cassiopea  to  be  a  linear  function  of  the  temperature, 
and  to  increase  about  64  per  cent  on  raising  the  temperature  from 
23°  to  33°.  I  found  the  activity  of  the  ganglia  (rhopalia)  in 
inducing  pulsations  of  the  imibrella  to  be  about  doubled  with  s 
rise  from  20°  to  30°  in  temperature.     The  data  were  as  follows: 


Ce.0.«» 

CMffi^»tiorlO' 
riH. 

PulHtiDuperM. 

«r 

10' 

«,- 

M- 

0.698 
0.57 

1.54 
1.05 

2.21 
1.84 

0.27 

0.55 

These  experiments  show  the  necessity  of  accurate  temperature 
control  and  in  all  of  the  other  experiments  in  this  paper  the  tem- 
perature was  measured  to  the  nearest  tenth  of  a  degree  and  main- 
tained to  within  0.2°  of  30°. 

The  sea  surface  is  at  about  the  optimum  pH  for  metabolism 
(usually  8.1-8.3),  but  the  variation  in  metabolism  with  variatiw 
of  pH  within  the  range  studied  is  very  slight,  as  shown  by  the 
following  table  {diameter  of  Cassiopea  =10  cm.). 
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PH 

0.ii»d. 

7.50 

4.40 

1.85 

7.53 

4.60 

1.95 

8.24 

4.30 

2.79 

8.24 

4.50 

2.87 

8.24 

4.55 

2.43 

8.38 

4.40 

2.07 

8.53 

3.90 

2.28 

8.72 

3.16 

2.69 

bese  variations  in  oxidation  may  be  due  to  experimental 
ts  and  variation  in  Oi  concentration,  except  the  first  two 
:h  ghow  a  slight  lowering  of  oxidation  when  the  pH  is  re- 
-•d  to  about  7.5. 

1  comparing  the  rise  in  temperature  in  the  calorimeter  with 
'  calculated  from  the  Oi  consumption,  the  assumptions  were 
ethat  the  respiratory  quotient  was  0.95,  and  that  a  mixture 
troteins,  fats,  and  carbohydrates  was  burned,  giving  6  gm. 
lies  per  cc.  COs,  as  in  the  following  table. 


0. 

CO, 

Om.cslorin.                 ' 

DMarmioed. 

C^euU*«i. 

2.18 
2.54 

2.07 
2.41 

12.6 
16.2 

12.4 
14.5 

these  experiments  it  was  assumed  that  there  was  do  loss  of 
,  although  some  heat  must  have  passed  into  the  therhir.>.-neter 
and  glass  lining  of  the  thermos  bottle.  The  specific  heat 
fi  sea  water  and  Casaiopea  was  taken  as  unity  because  the 
minations  were  not  acciu-ate  enough  to  warrant  the  applica- 
of  small  corrections.  The  experiments  had  to  continue  for 
irs  in  order  to  obtain  an  accurately  measurable  rise  in  tem- 
ure,  and  the  tedium  of  keeping  the  tank  at  the  same  temper- 
as the  calorimeter  necessitated  the  substitution  of  indirect 
metry  in  the  remainder  of  the  experiments, 
ne  preliminary  experiments  to  show  the  effect  of  Oj  concen- 
n  are  as  follows: 
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Average  O2  concentration 11.9  1.91  3.36  1.55 

Oa  consumption 2.6  2.38  2.26  1.65 

In  performing  these  experiments,  a  number  of  possible  sources 
of  error  were  thought  of  and  it  was  decided  to  make  a  more  de- 
tailed study  of  the  metabolism  of  Cassiopea  before  returning  to 
the  subject.  The  chief  danger  of  error  was  in  prolonging  the 
experiment  until  all  of  the  O2  was  used  up.  It  was  found  that 
Cassiopea  could  live  more  than  7  hours  without  oxygen,  in  which 
case  no  measurable  quantity  of  CO2  was  produced.  Vernon 
observed  practically  no  increase  in  the  respiratory  quotient  of 
jellyfish  correlated  with  oxygen-want,  whereas  the  respiratory 
quotient  of  fishes  increased  under  these  conditions. 

In  order  to  determine  whether  the  rate  of  oxidation  depends  on 
the  oxygen  concentration  it  is  desirable  to  know  something  about 
the  oxygen  concentration  inside  the  living  cells.    In  other  words, 
the  transfer  of  oxygen  to  the  cells  must  be  facilitated  as  much 
as  possible  if  we  are  to  judge  anything  about  the  concentration  of 
O2  within  them  from  that  in  the  sea  water.    This  could  be  ap- 
proximated by  agitating  free  cells  or  a  single  layer  of  cells  with 
the  wtiter  or  circulating  the  water  over  a  single  layer  of  cells. 
When  using  free  cells,  some  are  liable  to  injury  and  more  or  less 
disintegration,  thus  interfering  with  the  titrations,  but  notwith- 
standing the  criticism  of  Heilbrunn,  comparative  results  noiay  be 
obtained   (McClendon   and   Mitchell).    Cassiopea  was   chosen, 
because  the  cells  are  spread  in  thin  layers  on  the  surface  of  a 
mesoglea  which  will  be  shown  to  use  practically  no  oxygen.     The 
pulsations  of  the  Cdssiopea  (Mayer,  1906)  bring  currents  of  water 
over  the  cell  layers,  so  that  diffusion  is  necessary  only  for  a 
minute  distance.    The  error  due  to  this  diffusion  would  be  large 
only  when  the  Oj  concentration  is  very  small.    By  skilful  man- 
ipulation, the  mucous  secretion  may  be  prevented  from  increas- 
ing or  leaving  the  surface  of  the  Cassiopea. 

Evidence  that  oxidation  is  confined  to  the  cell  layers  is 
apparent  in  the  fact  that  oxidation  is  not  proportional  to 
the  volume  but  to  the  surface.  It  would  be  practically  impossi- 
ble to  measure  the  surface,  but  since  the  individuals  are  practically 
of  the  same  shape,  the  surface  is  proportional  to  the  square  of 
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:he  diameter.  Siace  Cassiopea  is  elastic,  the  diameter  was 
&lvays  measured  under  the  same  conditions;  i.e.,  resting  on  a 
glass  plate,  with  the  exumbrella  in  contact  with  the  glass  (and  * 
the  average  of  two  diameters  at  right  angles  to  one  another  taken). 
Some  cough  preliminary  determinations  showed  the  Oi  consump- 
tJoQ  in  cc.  per  hour  to  be  about  0.023  X  the  square  of  the  diam- 
eter in  CO.  as  shown  in  the  following  table. 


Diameter  in  cm 

Oiperhr 0.4 


9,6 


10 


Very  small  Cassiopeas  used  more  Oi  than  calculated  from  the 
/orrnula  (an  anomaly  which  is  correlated  with  more  rapid  pul- 
sations). A  Caaaiopea  3.5  cm.  in  diameter  pulsated  once  a  second 
whereas  one  10  cm.  in  diameter  pulsated  0,3  times  per  second. 
In  order  to  compare  experiments  on  Cassiopea  where  the  weight 
is  recorded,  it  is  convenient  to  know  that  the  diameter  in  cm. 
=  2.25  X  -^S^  of  the  weight  in  gm.  . 

The  following  table  gives  the  respiration  rate  under  differcntr 
conditions,  except  that  the  temperature  is  always  30°. 


Di«nM«. 

Oipwhr, 

OiperUMt. 

PH 

Oi  par  hi. 

7 

0,0200 

45 

8.20 

1.3 

S 

0.0187 

4.2 

8.22 

1.26 

85 

0.0152 

3.32 

8.22 

1.09 

10 

0.02S7 

4.5 

8.24 

2,87 

10 

0.0279 

4.3 

8.24 

2.79 

10 

0.0243 

4.55 

8,24 

2.43 

10 

0.0186 

4,4 

7.50 

1.85 

10 

O.OIOJ 

4.5 

7.53 

1,95 

JO 

0.0207 

4.4 

8.38 

2,07 

10 

0.0228 

3.9 

8.52 

2.28 

10 

0,0259 

3,16 

8,72 

2.59 

II 

0.0230 

3,54 

8.17 

2.79 

11 

0.0200 

1.8 

8.40 

2.43 

11 

0.0160 

1.57 

8.02 

1  93 

11 

0  0320 

7.2 

8.47 

3.84 

11 

00400 

7.44 

S.46 

4.87 
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In  the  above  table  the  pH  and  Oi  per  liter  at  the  b^pnning 
of  the  experiment  are  given  and  the  pH  was  about  0.09  aud  Oi 
1.5  cc.  lower  at  the  end  of  each  experiment.  The  average  Oi 
during  each  experiment  influences  the  Oi  used  per  hour,  bat 
apparently  no  difference  in  the  quotient  of  the  Oi  used  per  hour 
divided  by  the  square  of  the  diameter  (second  column)  can  be 
correlated  with  diEference  in  size.  Using  greater  extremes  of 
size,  however,  the  quotient  seems  to  decrease  as  the  diameter 
increases,  and  therefore  extreme  sizes  were  usually  avoidetl. 

All  of  the  experiments  were  made  under  conditions  of  star- 
vation and  hence  the  Cassiopea  used  its  own  substance  aa  a 
source  of  energy.  Starvation  can  hardly  be  considered  a  path- 
ological process  in  Cassiopea,  however,  since  it  may  remain 
alive  for  months  without  food,  constantly  decreadng  in  wei^ 
until  it  abnost  disappears  before  death.  Mayer  (1914)  det«> 
mined  the  loss  in  weight  as  about  5,6  per  cent  per  day  at  about 
30",  although  no  thermostat  was  used.  If  y  is  the  weight  at  my 
moment  and  w  is  the  weight  when  starvation  commenced  and  a 
is  the  number  of  days  of  starvation, 

V  -  ID  Cl  -  0.056)" 

Since  I  found  the  diameter  to  be  2.25  times  the  cube  root  of  the 
weight,  if  the  weight  were  100  gm.,  the  diameter  would  be  10.45 
cm.  The  Oi  consumed  during  1  day  would  be  about  0.023 
times  the  square  of  the  diameter  times  24  =  about  60  cc.  Oi  ab- 
sorbed and  57  cc.  COi  given  out.  If  we  assume  that  protein 
was  burned  and  that  5.9  gm.  calories  correspond  to  1  cc.  COi, 
the  metabolism  would  equal  336  gm.  calories  for  the  day.  U 
we  assume  a  certain  mixture  of  proteins,  fats,  and  carbohydrstffl 
were  burned  and  6  calories  correspond  to  1  cc.  COi,  the  metab- 
olism would  equal  342  calories  per  day. 

Since  I  have  shown  that  the  metabolism  is  proportional  1« 
the  surface  and  Mayer  has  shown  that  the  loss  in  weight  is  pro- 
portional to  the  volume  (weight),  the  composition  of  the  Cm- 
siopea  must  change  during  star\-ation.  In  other  words,  it  loses 
weight  faster  than  it  burns  protein  (or  other  organic  matter), 
and  hence  the  concentration  of  the  protein  must  increase. 
Mayer  (1914)  found  the  cellular  layer  did  not  decrease  in  thick- 
ness during  starvation,  and  Hatai  found  the  percentage  of  ni- 
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trogen  to  the  total  body  weight  increaaes  during  starvation,  and 
is  tilso  greater  in  small  than  in  large,  well  nourished  Cassiopeaa. 
Therefore  in  attempting  to  calculate  the  metabolism  from  the 
lo63  in  body  substance,  we  should  make  it  proportional  to  the 
loes  in  surface  rather  than  loss  in  volume,  since  the  loss  in  hving 
matter  seems  to  be  proportional  to  the  loss  in  surface,  and  the 
Caaiopea  seems  to  have  no  other  important  store  of  food  than 
it8  own  protoplasm,  the  mesoglea  apparently  functioning  chiefly 
as  a  skeleton.  Since  the  surface  is  proportional  to  the  two- 
thirds  power  of  the  volume,  we  may  assume  that  the  protein  is 
proportional  to  the  two-thirds  power  of  the  weight  (the  density 
remainii^  practically  constant).  The  protein  equals  5.16  per 
cent  of  the  two-thirds  power  of  the  weight  (calculated  from 
Hatai'a  data  on  the  assumption  that  protein  is  16  per  cent  N). 
The  weight  at  the  beginning  of  starvation  was  100  gm.  and  the 
protein  1.107  gm.;  at  the  end  of  1  day  the  weight  was  94.4  and 
the  protein  1.07,  being  a  loss  of  37  mg.  of  protein.  If  we  assume 
that  1  mg.  of  protein  is  equivalent  to  4.4  calories  the  metabolism 
the  Ist  day  would  be  163  calories,  although  I  found  it  to  be  335- 
342  calories.  Although  these  calculations  are  only  approximate, 
smce  starvation  is  a  little  greater  the  1st  day  than  calculated  by 
the  formula,  this  great  difference  indicates  that  the  burning  of 
protein  does  not  account  for  all  of  the  heat.  Since  living  cells 
contain  lipoids  or  lipo-proteins,  and  carbohydrates  or  glyco- 
proteins, it  seems  probable  that  proteins,  carbohydrates,  and 
hpoida  are  burned.  The  mesoglea  has  not  been  analyzed  sep- 
Wately,  but  is  lai^Iy  sea  water,  with  possibly  a  trace  of  glyco- 
protein. It  probably  has  little  caloriflc  value,  since  the  use  of 
^  store  of  food  would  cause  a  relatively  greater  metabolism  in  large 
starving  Cassiopeas  than  was  actually  observed. 

Since  the  lining  of  the  alimentary  tract  is  not  at  the  surface 
of  the  Cassiopea  and  Oj  must  diffiise  through  at  least  a  mm. 
of  tissue  to  get  to  it,  it  was  decided  to  pull  off  the  manubrium 
aad  study  the  metabolism  of  the  umbrella.  The  umbrella  is 
■lisc-shaped  and  covered  on  both  sides  by  e^athelium,  and  pul- 
sates, thus  circulating  the  water.  The  wound  made  by  removal 
of  the  manubrium  is  of  small  area  and  is  covered  by  an  epi- 
helium  within  a  few  hours,  and  the  umbrella  will  live  as  long 
s  a  starving   Cassiopea.     Some  rough  determinations  indicate 
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that  the  respiration  of  the  umbrella  ia  only  about  a  fourth  as 
great  aa  that  of  the  whole  Cassiopea.  Ia  the  following  table 
are  recorded  measurements  on  three  Caaaiopeas  and  on  their 
umbrellas  after  removal. 


O,  per  hr. 

■quua  o 

diurour 

PulutioDI  pH  H. 

CU»tM. 

Umbrella 

3  5 
9,5 
11.5 

0.021 
0-030 

00075 
0.0041 

0.0075 

0.94 
0  5S 
0.63 

Since  the  respiration  is  influenced  by  the  muscular  activity 
or  pulsation  rate  and  the  latter  is  not  constant,  it  was  deci^ied 
to  remove  the  ganglia  (rhopalia)  that  induce  the  puIsatioDS  and 
start  a  continuous  contraction  wave  running  around  the  subum- 
brella,  the  middle  third  of  which  has  no  neuromuscular  tissue 
(Maj'er,  1908).  The  rhopalia  were  cut  out  by  means  of  a  oork 
borer  and  the  wave  was  start«d  by  electrical  stimulation.  It  was 
noticed,  however,  that  the  contraction  wave,  apparently  constant 
for  short  intervals  of  time  changed  more  rapidly  at  first  and  then 
more  slowly,  but  never  became  absolutely  constant,  the  change 
being  perhaps  associated  with  shrinkage  of  the  umbrella.  The 
effect  of  shortening  and  stretching  on  the  contraction  wave  was 
therefore  studied.  The  rate  of  the  contraction  wave  depends  on  the 
rate  of  the  nerve  impulse  around  the  circuit  of  the  nerve-musde 
layer,  but  does  not  depend  solely  on  the  rate  in  the  neuraxon,  since 
there  are  numerous  synapses,  and  furthermore,  the  path  of  the 
impulse  is  zigzag.  Professor  Cary  kindly  showed  me  a  stained 
preparation  of  the  nervous  network  of  the  subumbrella.  Con- 
centric rings  cut  from  the  umbrella  are  capable  of  maintaining  a 
trapped  wave  for  some  time,  but  if  the  ring  is  too  narrow,  the 
wave  cannot  be  started,  or  soon  ceases  after  being  started. 
Trapped  waves  can  be  started  in  two  or  three  concentric  rings 
cut  from  the  umbrella  and  the  wave  revolves  about  the  inner 
ring  more  often  per  second  than  about  the  outer  ring,  but  the 
revolutions  per  second  are  not  in  exact  inverse  proportion  to  the 
mean  diameters  of  the  rings,  or  to  the  diameters  of  the  inside 
tracks  or  holes  in  the  rings.     One  subumbrella,  11.5cm.  in  diam- 
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eter,  was  cut  into  two  rings  and  waves  were  trapped  in  them. 
The  wave  in  the  inner  ring  made  2.5  revolutions  per  second,  and 
the  wave  in  the  outer  ring  made  2  revolutions  per  second. 

The  uncertainty  as  to  the  length  of  the  pace-making  circuit 
that  the  nerve  impulse  takes  around,  the  ring  may  be  avoided  by 
stretching  the  inner  edge  of  the  ring  until  it  is  of  the  same  diam- 
eter as  the  outer,  thus  transforming  the  ring  into  a  cylinder  or 
belt.  Such  a  ring  can  be  stretched  further  and  behaves  in  a 
strikingly  reversible  manner.  Since  Mayer  (1917)  has  shown  that 
the  rate  of  nerve  conduction  in  Cassiopea  depends  on  tempera- 
ture and  electric  conductivity  of  the  sea  water,  it  should  be  noted 
that  all  the  experiments  in  this  paper,  unless  otherwise  stated, 
were  done  in  sea  water  of  30°  and  CI  =  20.  Mayer  found  a 
variation  of  only  about  2.5  per  cent  over  the  range  of  pH  = 
5.6-8.26,  and  this  variation  includes  experimental  errors  and 
changes  due  to  unknown  causes.  In  the  present  experiments 
the  pH  was  i^out  8.2  unless  otherwise  stated.  The  only  dif- 
ficulty in  estimating  the  rate  of  the  contraction  wave  ardse  from 
the  fact  that  the  rate  is  1  to  5  per  cent  faster  in  the  ring  that  has 
just  been  stretched  than  in  the  ring  that  has  just  been  relaxed, 
depending  on  the  degree  of  recent  stretching  or  relaxation.  If, 
however,  the  circumference  of  the  ring  is  allowed  to  remain 
constant  for  5  minutes  after  each  short  step  of  stretching  or 
relaxation,  the  rate  will  approximate  a  mean  value.  This  be- 
havior of  the  ring  may  be  regarded  as  a  form  of  hysteresis,  since 
the  number  of  revolutions  per  second  of  the  contraction  wave 
tend  to  remain  constant  immediately  after  stretching  or  relaxa- 
tion. I  do  not  see  how  this  can  be  explained  on  the  assumption 
that  the  stretching  of  the  neuraxon  is  the  only  factor,  and  it  is 
s^ificant  to  note  that  Carlson  records  no  such  hysteresis  in 
the  stretched  nerve  of  the  slug,  where  synapses  are  less  numerous 
or  entirely  absent.  One  explanation  of  the  increased  rate  im- 
mediately after  stretching  might  be  the  thinning  of  the  plasma 
membrane  of  the  neuraxon,  the  regeneration  in  thickness  taking 
appreciable  time.  Another  suggestion  is  made  that  the  imme- 
diate effect  of  stretching  is  increase  in  length  of  the  neuraxon, 
but  that  this  may  be  proportionately  less  than  the  incro^e  in 
length  of  the  strip  of  tissue,  since  the  nerve  paths  may 
be  straightened,  and  that  the  apparent  hysteresis  is  due  to  thf; 
possibility  that  after  the  nerve  is  stretched  synapses  gradually 


286 


Calorimetry  of  Jellyfish 


open,  due  to  the  tension,  until  the  nerve  paths  are  proportic 
as  zigzagged  as  at  the  start.  This  supposition  may  si 
be  applied  to  the  fact  that  by  prodding  a  Cassiopea  {hi 
trapped  wave)  with  a  stick,  the  number  of  revolutions 
wave  per  second  is  reduced,  although  no  apparent  incr 
length  of  the  conducting  path  remains.  The  local  str 
of  the  subumbrella  with  the  stick  might  break  some  of  t: 
apses.  Such  complicated  suppositions  are  not  very 
however,  since  they  are  not  easily  tested.  A  more  pi 
hypothesis  is  given  below  in  connection  with  the  amplil 
the  contraction  wave.  The  significant  fact  is  that  (ignor 
period  of  readjustment)  the  ring  may  be  stretched  ue 
circumference  is  increased  72  per  cent  with  practically  no 
in  rate  (mm.  per  second),  although  in  order  to  accompl 
the  number  of  revolutions  per  second  or  passages  of  th 
through  the  same  tissue  may  be  reduced  49  per  cent 
is  analogous  to  the  effect  of  stretching  a  metallic  wire  on  t 
sage  of  an  electric  current  through  it,  with  the  differen 
the  process  is  completely  reversible  in  Cassiopea  after  an  i 
of  72  per  cent  in  length  due  to  stretching.  The  results 
rings  are  as  follows: 


LenKth  of  circumference. 

Rate  (mm.  pei  sec.) 

fnfn. 

223 

372 

263 

413 

283 

430 

286 

379 

306 

390 

326 

399 

« 

346 

410 

366 

414 

386 

407 

406 

403 

426 

391 

446 

377 

466 

368 

486 

360 

506 

352 

526 

342 
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If  the  rate  of  wave  propagation  is  the  same,  we  would  expect 
in  umbrellas  of  Cassiopeas  of  diflferent  sizes  that  the  number  of 
revolutions  of  the  wave  per  second  would  be  inversely  propor- 
tional to  the  diameter.    The  diameter  is  measured  before  the 
wave  is  started,  and  there  is  a  progressive  shrinkage  in  the  diam- 
eter, due  to  starvation  and  decrease  in  volume,  tension  of  the 
regenerating  tissue  after  removal  of  the  rhopaUa,  and  increased 
tonus    of  the  musculature   (transforming  the  disc  into  a  cup 
shape).     This  decrease  in  the  diameter  is  associated  with  increase 
in  revolutions  per  second,  but  agitation  decreases  the  revolutions 
per  second.     It  is  therefore  necessary  to  make  the  determinations 
under  the  same  conditions  for  strictly  comparative  results.     The 
/"ollowing  determinations  were  rough,  but  serve  to  indicate  the 
general  features. 


Diameters. 

Revolutions  of  wave  per  seo. 

Immediately. 

After  24  hre. 

After  prodding  with 
a  stick. 

cilia 

9.75 

2.38 

2.50 

10.50 

1.79 

2.17 

2.04 

10.50 

1.75 

2.17 

2.04 

10.75 

1.75 

2.13 

11.00 

2.38 

2.08 

11.50 

1.72 

2.22 

11.50 

1.79 

2.22 

12.50 

1.67 

1.72 

1.66 

12.80 

1.67 

2.00 

13.50 

1.61 

1.67 

1.40 

13.50 

1.61 

1.79 

1.52 

14.00 

1.67 

1.79 

A  comparison  of  these  experiments  with  those  on  the  actual 
velocity  of  the  wave  shows  the  circumference  of  the  potential 
pace-making  circuit  to  be  about  1.8  times  the  diameter.  If 
the  contraction  wave  is  stopped  by  pressure  and  after  a  rest  of 
some  minutes  or  hours  started  again,  it  is  slower  than  just  be- 
fore stopping,  but  if  it  is  started  again  as  quickly  as  possible 
after  stoppage,  the  rate  is  the  same.  This  effect  of  a  rest  seems 
to  be  associated  with  nutrition  or  recovery  from  fatigue,  since 
the  amplitude  of  the  contraction  wave  is  greater  in  the  rested 


4 


288  Calorimetry  of  Jellyfish 

umbrella,  although  the  number  of  revolutions  per  second  is  de- 
creased.   Whether  the  actual  rate  of  propagation  is  changed 
would  be  difficult  to  determine.    It  seems  evident  that  the  wave 
of  nerve  impulse  precedes  the  wave  of  muscular  contraction. 
The  contraction  of  the  muscle  must  stretch  the  adjacent  regions, 
and  hence  stretch  the  region  through  which  the  nerve  impulse 
is  passing,  thus  increasing  the  distance  traveled  in  one  revolution 
and  decreasing  the  revolutions  per  second.    When  the  ampli- 
tude of  contraction  is  increased,  the  stretching  of  the  nerves  is 
increased  and  the  revolutions  per  second  are  decreased,  but 
whether  this  can  accoimt  for  the  total  decrease  has  not  been  de- 
termined.   The  speeding  up  of  the  revolutions  per  second  after 
the  trapped  wave  is  started  is  at  first  more  abrupt  and  later  more 
gradual,  and  is  associated  with  both  decrease  in  amplitude  of 
contraction  and  decrease  in  diameter  of  the  umbrella,  due  to  star- 
vation and  contraction  of  scar  tissue. 

Evidently  a  change  in  the  nimiber  of  revolutions  per  second 
of  the  trapped  wave  or  the  amplitude  of  the  contractions  would 
cause  an  error  in  the  determination  of  the  effect  of  Os  concentra- 
tion on  metabolism,  and  in  order  to  estimate  the  limits  of  such 
errors,  the  relative  metabolism  of  the  muscle  and  other  tissues 
was  studied.  The  imibrella  of  three  CassiapeaSj  A,  B,  and  C, 
of  the  same  size  (diameter  =  11.5  cm.)  were  used  (each  for  a 
series  of  experiments).  In  some  experiments  the  rhopalia  re- 
mained and  the  normal  pulsations  were  generated,  in  others  a 
trapped  wave  was  induced,  and  in  others  the  subumbrella  was 
removed  or  merely  the  mesoglea  left.  The  apparent  (but  slight) 
metabolism  of  the  mesoglea  was  probably  entirely  due  to  a  few 
remnants  of  epithelium  and  to  bacteria,  which  always  attack 
the  mesoglea  when  the  epithelium  is  removed.  At  any  rate  the 
metabolism  of  the  mesoglea  is  too  small  to  be  of  significance. 
The  pH  was  8.2  and  the  0%  per  liter  4.5  cc.  at  the  beginning  of 
each  of  the  experiments. 

The  removal  of  the  rhopalia  in  the  umbrellas  with  trapped 
waves  or  without  pulsations,  reduced  but  slightly  the  amount  of 
tissue.  If  we  take  the  metabolism  of  the  normal  pulsating  um- 
brella as  100,  the  exumbrella  is  about  14  a^d  the  resting  sub- 
umbrella  60  with  an  addition  of  26  for  normal  pulsations  or  65 
for  trapped  wave.    Therefore,  the  neuromuscular  tissue  may  per- 
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IndiTidiial. 

Oiperhr. 

Parts  of  umbrella  UMd. 

A 

0.86 

Umbrella  with  0.64  pulsations  per  sec. 

A 

0.97 

"           «    0.64          "           "     " 

A 

0.158 

Mesoglea  +  exumbrella  only. 

B 

1.12 

Umbrella  with  trapped  wave,  1.47  per  sec. 

B 

1.08 

It                    it                 tt                     tt            1    A>T      tt        U 

C 

0.5 

"       not  pulsating. 

C 

0.6 

it         tt          tt 

C 

0.03 

Mesoglea  +  bacteria. 

D 

0.88 

Umbrella  with  0.7  pulsations  per  second. 

D 

0.7 

**        not  pulsating. 

form  about  26  to  46  per  cent  of  the  metabolism,  and  changes  in 
rate  or  amplitude  of  the  contraction  wave  are  to  be  avoided  as 
much  as  possible.  In  subsequent  experiments,  the  manubrium 
and  rhopalia  were  removed  from  the  Cassiopeaf  and  a  C-shaped 
cut  y^as  made  through  the  neuromuscular  layer  about  one-third 
the  radius  from  the  outer  margin  of  the  umbrella,  and  a  trapped 
wave  induced  by  stimulation  near  the  outer  margin.  The  wave 
passed  around  the  outer  part  of  the  subumbr&lla,  and  each  time 
it  passed  the  opening  of  the  C  it  spread  to  the  inner  part,  divid-* 
ing  into  two  equal  waves,  meeting  on  the  far  side  with  mutual 
destruction.  In  this  way,  the  outer  part,  in  which  the  trapped 
wave  was  first  induced,  was  made  pace-maker,  and  the  result 
was  a  more  permanent  wave.  The  wave  causes  circulation  of 
water  against  all  parts  of  the  epithelium  except  a  small  portion 
of  the  exumbrella  which  has  a  very  low  metabolism.  If  the 
oxygen  concentration  was  reduced  to  zero,  the  wave  stopped, 
and  metabolism  ceased  until  oxygen  was  readmitted.  In  one 
experiment  an  umbrella  was  kept  7  hours  at  zero  Os  concentra- 
tion, then  3  hours  with  O2  and  a  trapped  wave,  and  7  hours  at 
zero  Oj  concentration,  during  which  it  gave  out  no  CO2  or  other 
acid  products  affecting  the  pH  perceptibly.  30  seconds  after 
it  was  taken  out  of  the  Oj-free  chamber,  a  trapped  wave  was 
started  and  this  constantly  increased  in  amplitude  for  10  minutes, 
at  the  end  of  which  time  the  amplitude  was  normal.  Oxygen 
was  removed  from  sea  water  in  various  ways,  with  the  air  pump 
and  agitation,  by  boiling,  and  by  allowing  a  Cassiopea  to  remain 


290 


Calorimetry  of  Jellyfish 


i 

4 

i 

i 


I 


in  it  until  the  pulsations  ceased,  as  seen  through  a  peep  hole  in 
such  a  way  that  photosynthesis  was  practically  avoided.  In 
no  case  did  the  analysis  show  less  than  about  0.05  cc.  per  liter, 
but  that  amount  probably  entered  with  the  KI  and  lilnClj  solu- 
tions and  around  the  ground  stopper  of  the  analysis  bottle.  At 
any  rate,  we  should  consider  0.05  cc.  to  be  within  the  limit  of 
error  of  the  method  if  no  correction  be  made  for  Oi  in  the 
reagents. 

The  variation  in  metabolism  after  removal  of  the  manubrium 
and  initiation  of  a  trapped  wave  is  shown  in  the  following  table. 
The  diameter  of  the  umbrella  was  11.5  cm.  at  the  beginning  of  the 
first  experiment  and  at  the  beginning  of  each  experiment  the 
pH  was  8.2  and  the  Oj  per  liter  4.5  cc. 


Oiuaedper  hr. 

Revolutions  of  wave  pc 

ce. 

• 

0 

1.65 

1.60 

2 

1.55 

2.00 

3 

1.30 

2.22 

4 

« 

1.30 

;2.22 

5 

1.30 

2.22 

20 

1.30 

2.22 

From  the  above  table  it  is  evident  that  the  metabolic  rat«e 
may  vary  rapidly  for  3  hours  after  the  manubrium  is  removed 
and  the  trapped  wave  is  started,  therefore  in  the  subsequeD* 
experiments,  the  umbrella  was  not  placed  in  the  respiration 
chamber  until  these  3  hours  had  passed.  The  same  umbrella 
used  in  the  above  experiments  (but  21  hours  after  the  operation) 
was  used  to  determine  the  eflfect  of  reduced  03fygen  concentration. 
The  average  O2  concentration  during  the  experiment  was  1.5 
cc.  per  liter  and  the  O2  used  per  hour  1.03  cc,  being  a  decline  of 
20  per  cent  in  rate  of  oxidation  with  a  reduction  of  the  oxygen 
concentration  to  about  half  its  original  value.  This  and  some 
later  experiments  are  tabulated  as  follows: 
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At  1  S  CO     0.  pw  Hl« 

6.  uiwd  par  hr. 

1.3 

1.03 

1.3 

1.00 

1.4 

1.10 

1.4S 

1.15 

1.44 

1.25 
1.05 

leterminations  show  the  oxidation  is  reduced  about  20 
'hen  the  Oi  concentration  is  reduced  about  50  per  cent, 
dation  increased  about  25  per  cent  when  the  Oi  cpn- 
is  increased  about  100  per  cent. 

DISCUSSION. 

)ve  experiments  show  that  the  raXe  of  oxidation  varies 
concentration  of  oxygen  in  the  sea  water  constantly 

against  the  surface  of  the  epithelium  in  which  oxida- 

place.  In  the  total  absence  of  oxygen,  no  measurable 
of  COi  or  other  acid   products  is   given  out,  and  we 

that  the  metabolism  is  suspended.  If  oxygen  is  read- 
er a  suspension  of  the  metabohsm  for  7  hours,  the  rate 
lism  rises  apparently  to  the  normal  within  10  minutes, 
obic  processes  were  detected  during  the  absence  of 
r  7  hours,  but  in  the  absence  of  oxj-gen  for  16  hours, 

or  hydrolytic  processes  take  place.  No  evidence  was 
indicate  that  these  anaerobic  processes  constituted  the 
n  of  the  Cassiopea.  On  the  contrary,  a  great  multi- 
»f  bacteria  was  associated  with  them,  and  the  Cassiopea 
Y  dissolved  and  could  not  be  revived  by  readmissioo 
,  We  may  as.sume  that  oxygen  protects  the  Cassiopea 
attacks  of  bacteria  (probably  anaerobes).  Since  the 
nter  from  the  surface,  it  seems  probable  that  the  Cas- 
ght  live  indefinitely  on  so  small  a  supply  of  oxygen 
used  in  the  superficial  cells  as  fast  as  it  diffuses  into 

none  reaches  the  deeper  cells.  If  this  be  true,  the 
in  oxygen  coi^sumption  with  variation  of  supply  might 
iression  of  a  variation  in  the  number  of  cells  receiving 
In  other  words,  this  would  be  a  diffusion  phenomenon. 
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Another  hypothesis  is  that  the  concentration  of  oxygen  at  the 
seat  of  oxidation  affects  the  rate.  Warburg  has  shown  that  cell 
oxidation  is  associated  with  structure  and  that  no  enzyme  solu- 
tion has  been  obtained  that  will  account  for  the  vital  oxidation 
of  foodstuffs.  If  we  call  the  structure  or  surface  responsible  for 
the  oxidations  the  catalyst,  it  seems  possible  that  the  concen- 
tration of  oxygen  in  the  immediate  vicinity  of  the  catalyst  in- 
fluences the  rate.  This  influence  of  concentration  on  rate  might 
still  be  a  diffusion  phenomenon  since  the  Os  must  diffuse  toward 
the  structure  catalyst  or  oxidase  molecule. 

Owing  to  the  excellent  review  of  the  literature  on  the  sub- 
ject of  this  paper  by  Krogh,  it  seems  unnecessary  to  multiply 
references.  Roughly  speaking,  and  within  physiological  limits, 
animal  oxidation  is  about  doubled  with  10^  rise  in  temperature 
and  this  is  shown  here  to  be  true  of  Cassiopea.  In  other  words, 
oxidation  is  an  exponential  fimction  of  the  temperature,  as  ex- 
pressed in  the  following  equation: 


Vt^VoX2 


(^ 


Where  F|  is  the  velocity  of  oxidation  at  t^  and  V^  at  0°.  This 
relation  holds  approximately  true  for  a  number  of  chemical  reac* 
tions,  and  is  supposed  to  be  due  partly  to  change  in  diffusion 
rate  and  partly  to  loosening  of  bonds  in  the  reacting  moleoules, 
and  to  ionization.  Diffusion  depends  on  viscosity  and  molecular 
motion.  A  fall  of  temperature  from  30°  to  20°  increases  the 
viscosity  of  water  about  25  per  cent,  and  of  a  40  per  cent  sucrose 
solution  42  per  cent  and  of  a  3  per  cent  gelatin  solution  1,000 
per  cent  (von  Schroeder).  The  increase  in  viscosity  of  gelatin, 
however,  does  not  cause  a  proportionate  decrease  in  diffusion. 
We  may  assume  that  this  fall  of  temperature  may  possibly  cause 
about  30  per  cent  decrease  in  diffusion  of  O2  within  the  cell,  due 
to  viscosity  alone.  Molecular  motion  is  proportional  to  the 
absolute  temperature,  and  hence  is  a  minor  factor  in  diffusion. 
Although  diffusion  accounts  for  only  about  a  third  of  the  change 
in  rate  of  oxidation  with  temperature,  it  is  undoubtedly  a  factor. 
Since  diffusion  affects  oxidation  and  concentration  gradient 
affects  diffusion,  it  seems  very  probable  that  concentration  of  Oi 
should  affect  oxidation,  even  though  every  cell  received  some 
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oxygen.  Krogh  interprets  the  experiments  on  warm-blooded 
animals  as  showing  increased  oxidation  with  increased  oxygen 
tension,  and  reviews  the  work  of  Thunberg,  showing  the  same 
effect  to  a  greater  degree  on  cold-blooded  animals.  Henze  (1910, 
a)  found  that  the  oxidation  rate  of  sea  anemones  and  annelids 
varies  with  Ok  concentration  (and  of  nudibranchs  at  low  con- 
centrations) and  supposed  that  only  a  varying  fraction  of  the 
cells  received  oxygen.  His  tables  show  that  the  oxidation  rate 
of  Crustacea  and  jellyfish  fell  rapidly  with  time,  but  that  in  one 
series  of  determinations  on  Pelagia,  the  oxidation  rate  varied 
reversibly  with  O2  concentration.  In  order  to  reduce  the  dif- 
fusion* effect,  he  kept  sea  urchin  eggs  agitated  in  sea  water  and 
foimd  that  the  oxidation  rate  apparently  increased  about  8  per 
cent  on  doubling  the  O2  concentration.  Henze  attributes  this 
apparent  difference  in  respiration  to  faulty  technique,  but  since 
the  experiments  have  not  been  repeated  with  improved  tech- 
nique, we  may  assume  that  a  real  difference  exists. 

It  is  interesting  to  compare  the  metabolism  of  Cassiapea  with 
that  of  jellyfish  studied  by  Vernon.  Since  only  the  living  cells 
metaboUze,  it  would  be  an  advantage  to  know  the  proportion 
of  cellular  tissue  to  the  body  weight,  but  there  is  no  data  on  this 
subject.  The  skeletal  structure,  mesoglea,  contains  less  organic 
matter  than  the  cells,  and  hence  the  per  cent  of  organic  matter 
in  the  body  is  a  partial  indication  of  the  cellular  mass.  The 
proportion  of  mesoglea  increases  with  the  size  of  the  individual 
within  the  same  species,  but  there  can  be  no  strict  comparison 
between  different  species  in  this  regard,  and  therefore  the  compari- 
son is  very  crude.  The  number  of  cc.  of  Oj  per  hour  per  kilo  of 
body  weight  and  per  kilo  of  organic  matter  ( =  dry  weight  — 
weight  of  salts  in  equal  volume  of  sea  water)  at  20°  is  given  in  the 
following:  table. 


Spedos. 

Weight  of 
individual. 

Cc.  Oi  per  hr. 

Per  kilo  of  body 
weight. 

Per  kilo  of  or- 
ganic matter. 

Cna^tn^n^/t  ^/ITflQCnCtTlCL 

100 
30 
70 

12.5 

7.7 
3.75 

1,040 

Ctirmtrri'Tkn.  fldStCLtOL 

2,025 

dpultis  ftj>nfiTiS    

1,562 

v/Col1M>  vfJ***/'  *«' • 

^ 
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The  agreement  is  about  as  close  as  could  be  expected. 

Vernon  has  compared  the  metabolism  (per  unit  weight  of  or- 
ganic matter)  of  jellyfish,  molluscs,  tunicates,  and  vertebrates,  and 
shown  it  to  be  remarkably  constant.     Krogh  obtained  greater 
differences   when   the   total  body  weights  were  used  (omitting 
jellyfish  but  including  eggs  and  insects),  but  the  differences  prob- 
ably do  not  exceed  the  differences  in  water  content  and  in  mus- 
cular activity.    He  found  the  metabolism  of  a  young  dog  with 
body  temperature  reduced  to  20°  to  be  greater  than  that  of  cold- 
blooded animals  at  the  same  temperature,  but  if  we  reduce  the 
metabolism  of  the  average  dog  for  20°,  using  a  reasonably  high 
temperature    coefiicient,   the   agreement   is   more   satisfactory. 
We  should  not  expect  close  agreement  unless  water  and  mineral 
salts  and  fibrous  tissue  are  excluded  from  the  weight,  and  the 
activity  of  the  nervous  system  is  abolished.    It  seems  probable, 
therefore,  that  the  chief  distinction  in  the  calorimetry  of  warm- 
blooded and  cold-blooded  animals  is  in  insulation.     All  warm- 
blooded animals  are  air  breathing,  and  air  brings  much  oxygen 
and  takes  away  little  heat.    The  center  of  a  cluster  of  bees  in 
winter  may  be  40°  above  that  of  the  air  bathing  it. 

The  heat  production  in  a  100  gm.  Cassiopea  at  30°  is  sufficient 
to  raise  its  body  temperature  0.14°  per  hour  above  that  of  the 
surrounding  water,  but  no  such  difference  in  temperature  has 
been  observed  because  the  heat  generated  is  conducted  away  by 
the  water  bringing  the  oxygen.  I  found  a  fish  weighing  1.4  gm. 
to  use  0.825  cc.  O2  per  hour  at  30°,  which  is  sufficient  to  raise 
its  body  temperature  about  3°  per  hour,  but  during  this  time  it 
was  required  to  breathe  400  cc.  of  sea  water,  even  though  it 
removed  half  of  the  oxygen  from  water  saturated  with  air  at  this 
temperature.  The  water  circulating  through  the  gills  could 
remove  the  heat  generated  if  the  body  temperatiu-e  were  0.01° 
above  that  of  the  water.  Since  there  was  considerable  conduc- 
tion through  the  skin,  and  the  fish  probably  removed  much  less 
than  half  the  oxygen  from  the  water  in  one  passage  through  the 
gills,  the  body  temperature  was  probably  much  less  than  0.01° 
above  that  of  the  water.  Rogers  and  Lewis  could-  detect  no 
difference  between  the  body  temperature  of  fish,  salamanders, 
clams,  and  earthworms  and  the  water  in  the  thermostat  in 
which  they  were  placed,  after  they  had  been  in  the  thermostat 
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"-  I  long  enougji  for  equilibrium.  They  used  a  thermocouple,  and 
^1  one  division  of  the  galvanometer  scale  corresponded  to  0.0042°. 
It  was  shown  that  the  metabolism  of  Cassiopea  is  proportional 
to  its  surface  and  not  to  its  weight  but  to  W^.  This  is  due  to 
the  fact  that  the  metabolism  is  confined  to  the  living  cells  and 
that  these  constitute  a  superficial  epithelium,  whose  thickness  is 
^bout  the  same  in  Cassiopeas  of  the  range  of  sizes  studied.  We 
'^ght  use  these  results  in  an  attempt  to  explain  the  so  called 
Surface  law  of  warm-blooded  animals.  Dreyer,  Ray,  and  Walker 
''ave  shown  that  the  blood  volume  and  cross-sections  of  the  aorta 
Bud  trachea  are  proportional  to  W^  (or  surface).  If  animals  are 
cf  the  same  shape  (internally  as  well  as  externally)  the  cross- 
sections  of  all  organs  would  be  proportional  to  W^  but  the  blood 
rolume  would  be  proportional  to  the  weight  {W).  If  the  blood 
volume  is  proportional  to  W^  the  whole  circulatory  system  would 
be  nearly  proportional  to  W^  and  owing  to  the  close  relation 
between  the  lungs  and  the  blood,  the  volume  of  the  lungs  would 
be  nearly  proportional  to  Ifa.  The  volume  of  the  skin  may  be 
proportional  to  Wt  and  the  volume  of  the  wall  of  the  alimentary 
tract  nearly  so.  The  nerve,  muscle,  and  glandular  tissues  are 
excitable,  and  hence  their  metabolism  must  vary.  Variable 
components  may  be  excluded  from  basal  metabolism  by  defini- 
tion but  cannot  all  be  excluded  in  making  measurements.  Only 
the  skeleton  can  be  said  to  have  a  metabolism  proportional  to 
W,  and  since  the  red  bone  marrow  produces  blood  (erythrocytes) 
and  this  is  proportional  to  £he  surface,  the  metabolism  of  some 
of  the  bones  may  be  nearly  proportional  to  the  surface.  Bene- 
dict has  shown  that  great  variations  from  the  surface  law  exist, 
and  hence  it  may  be  only  accidental.  The  fact  that  the  excit- 
able tissues  metabohze  more  per  unit  weight  in  small  animals 
than  in  large  {i.e.,  proportional  to  a  smaller  power  of  W  than 
unity)  is  true,  not  only  for  warm-blooded  animals,  but  also  for 
cold-blooded  animals,  to  which  the  teleological  principle  of  the 
surface  law  (in  relation  to  heat  regulation)  does  not  apply.  It 
seems  possible,  however,  that  the  chief  conditions  necessary  for 
the  evolution  of  temperature-regulation  in  animals  were:  (1) 
air  breathing,  (2)  large  body  size,  (3)  sensitivity  to  low  tempera- 
tures    (4)  variation  of  activity  of  excitable  tissues  with  size,  and 
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(5)  epithelial  type  of  architecture,  (4)  and  (5)  being  common  to 
cold-blooded  animals. 
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DIURNAL  CHANGES  IN  THE  SEA  AT  TORTUGAS,  FLORIDA 
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The  only  diurnal  change  noted  in  the  Gulf  Stream  was  a  change  in 
temperature  of  about  1^  and  the  resulting  change  in  oxygen  tension. 
But  in  water  shallow  enough  for  considerable  light  to  reach  the  bottom, 
marked  diurnal  changes  were  noted  in  temperature,  hydrogen  ion 
concentration  (pH),  total  COr  concentration,  COr  tension,  Or  concen- 
tration and  Ortension.  The  temperature,  Orconcentration  and  Or 
tension  were  lowest  and  the  COrConcentration  and  COrtension  highest 
about  5  a.m.  The  temperature,  Orconcentration  and  Ortension  were 
highest  and  COr  concentration  and  COrtension  lowest  at  about  3  p.m., 
local  apparent  time  during  July.  The  magnitude  and  exact  time  of 
maxima  and  minima  varied  somewhat  from  day  to  day  and  varied  a 
great  deal  with  the  location  of  the  station  at  which  the  water  was  stud- 
ied. The  diurnal  curves  showed  secondary  notches  which  were  prob- 
ably due  to  tidal  currents  and  eddies,  since  no  such  notches  were  pres- 
ent in  the  diurnal  curves  of  stagnant  sea  water.  The  differences  be- 
tween stations  were  evidently  due  to  previous  history  of  the  water 
carried  past  the  station  by  currents  and  to  variations  in  depth  and  in 
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fauna  and  flora  at  the  bottom.  The  details  of  this  work,  including 
nu4>s,  graphs  and  tables,  are  to  be  published  by  the  Carnegie  Institu- 
tion of  Washington.  The  relation  of  local  conditions  to  the  predpita- 
tioa  of  CaCOi,  thus  decreasing  the  depth  of  the  water,  is  pointed  out. 
Studies  of  the  effect  of  these  changes  on  organisms  were  made.  The 
limiting  factor  for  plants  se^ns  to  be  fixed  nitrogen.  Only  0.02  ii^;m. 
of  fized  nitrogen  per  liter  could  be  detennined  and  it  was  not  thought 
practicable  to  detennine  local  changes  with  certainty.  The  limiting 
factor  for  animals  seems  to  be  food.  Oxygen  could  easily  become  a 
limiting  factor.  One  kilogram  of  fish  would  use  up  all  of  the  oxygen 
in  4300  liters  of  water  of  the  lowest  Orconcentration  found  at  the  sur- 
face, in  twenty-four  hours.  It  seems  improbable  that  fish  alone  would 
suffocate,  but  swarms  of  Dinoflagellates  might  suffocate  themselves  and 
other  animals  present. 
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It  was  shown  by  Verzir  (/.  PkysM.,  45,  1912,  39)  that  decreased 
oxygen  tension  in  the  blood  capillaries  decreased  the  metabolism  of 
muscle  but  not  of  salivary  glands.  The  animal  died  before  the  oxygen 
tension  in  the  salivary  glands  was  reduced  sufficiently  to  cause  a  notice- 
able fall  in  metabolism.  In  order  to  avoid  complications  in  circulation, 
as  in  Verz&r's  experiments,  I  used  the  umbrella  of  Cassiopea  in  such  a 
manner  as  to  maintain  a  thin  layer  of  cells  of  uniform  activity  constantly 
bathed  with  sea  water  at  30°.  It  had  been  determined  in  preliminary 
experiments  that  a  rise  of  10°  in  temperature  doubled  the  metabolism, 
but  that  the  hydrogen  ion  concentration  could  be  changed  within  cer- 
tain limits  without  changing  the  metabolism  to  a  degree  that  could  be 
measured  with  certainty.  The  average  of  a  large  number  of  determi- 
natibns  placed  the  respiratory  quotient  at  0.95,  but  whether  it  was  con- 
stant could  not  be  determined.  From  the  heat  produced  and  nitrogen 
lost  it  was  concluded  that  proteins  with  a  small  admixture  of  carbo- 
hydrates and  fats  were  burned. 

Since  the  temperature  was  constant,  the  oxygen-tension  was  pro- 
portional to  the  Or-concentration,  as  determined  by  the  Winkler  method, 
the  mean  of  the  values  at  the  beginning  and  end  of  the  experiment  being 
used.  The  metabolism  was  measured  by  the  oxygen  used,  as  that  was 
determined  more  accurately  than  the  heat  and  CO2  eliminated.  The 
metabolism  varied  with  oxygen  concentration.  This  may  be  true  of  the 
cells  of  all  animals.  It  seems  possible  that  Verz&r  did  not  succeed  in 
markedly  changing  the  Os-tension  in  the  salivary  gland,  owing  to  the 
great  store  of  oxygen  in  the  hemoglobin.  There  is,  however,  a  distinc- 
tion between  the  metabolism  of  vertebrate  muscle  cells  and  Cassiopea. 
If  vertebrates  are  asphyxiated,  the  muscles  give  out  lactic  add.  A 
Cassiopea  may  remain  without  oxygen  for  seven  hours  without  giving 
out  COs  or  any  other  add  causing  a  noticeable  change  in  hydrogen  ion 
concentration,  although  in  the  presence  of  O2  such  a  change  appears  in 
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a  few  minutes  due  to  elimination  of  COs.  After  seven  hours  without 
Ot,  nerve  conduction  and  noticeable  contractility  of  musde  returns  in 
thirty  seconds  after  suspending  the  Cassiopea  in  air. 

Since  (Vtension  may  a£fect  metabolism,  it  seems  probable  that 
changes  in  the  threshold  of  stimulation  of  the  respiratory  and  vasomotor 
centers  may  a£fect  metabolism  in  man  and  mammals.  The  details  of 
the  experiments  will  be  published  elsewhere. 
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It  was  observed  by  Carlson  {Amer.  J.  Physiol.^  27,  1911,  323)  that 
stretching  the  nerve  of  the  slug  has  no  effect  on  the  rate  of  the  nerve 
impulse.  This  does  not  support  Bethe's  hypothesis  that  the  impulse 
passes  over  solid  neuro-fibrillae  which  are  zig-zagged  in  the  relaxed 
nerve  and  straightened  out  in  the  stretched  nerve.  Conditions  are  not 
so  simple  in  the  nervous  network  of  the  sub-umbrella  of  Cassiopea,  but 
the  rate  may  be  more  accurately  determined.*  The  stretching  may 
increase  the  original  length  84%. 

A  ring  or  belt  of  umbrella  tissue  was  placed  in  a  frame  by  means  of 
which  the  circumference  could  be  stretched  and  at  the  same  time  its 
length  measured.  The  apparatus  was  immersed  in  sea-water  kept  at 
30^.  A  neuro-muscular  wave  was  started  in  the  ring  in  such  a  manner 
that  it  traveled  continuously  aroimd  the  ring  and  its  speed  measured 
by  noting  the  time  at  which  the  muscular  contraction  wave  passed  a 
certain  point.  The  time  required  for  the  wave  to  pass  100  times  around 
the  ring  was  recorded  with  a  stop-watch.  Ah  example  of  one  of  the 
experiments  is  as  follows: 

Length  of  circumference,  mm.  286  306  326  346  366  386  406  426  446  466  486  506  526 
Rate  (mm.  per  second) 376  390  399  410  414  407  403  391  377  368  360  352  342 

It  may  be  noted  that  the  rate  changed  17%  while  the  length  increased 
84%,  in  other  words  the  rate  is  relatively  constant.  An  uncertainty  of 
rate  of  1-5%,  due  to  hysteresis,  could  not  be  analyzed  with  certainty 
owing  to  the  fact  that  the  course  of  the  neuraxones  is  zig-zagged  and 
interrupted  by  synapses,  but  some  speculation  on  this  phenomenon  will 
be  published  elsewhere.  The  purpose  of  this  abstract  is  to  point  out 
that  the  experiments  on  Cassiopea  tend  to  support  Carlson's  conclusion 
that  stretching  the  nerve  does  not  change  the  rate,  and  that  the  con- 
ducting substance,  itself,  can  be  stretched  and  relaxed. 
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The  question  of  the  solubility  of  calcite  and  aragonite  in  sea  water 
is  a  matter  of  interest  in  relation  to  the  geology  of  limestone  and  dolo- 
mite. Murray  and  Hjort^  maintain  that  sea  water  is  so  complicated  a 
mixture  that  the  solubility  of  CaCOs  cannot  be  calculated  with  cer- 
tainty (from  the  law  of  mass  action)  but  that  the  experiments  of  Ander- 
son and  of  Cohen  and  Rahen  show  that  sea  water  is  saturated  with 
calcite.  They  add,  (p.  181)  that  dolomite  is  less  soluble  than  calcite  in 
carbonated  waters.  Their  book  simimarizes  observations  showing  that 
calcium  carbonate  is  precipitated  in  shallow  tropical  waters,  but  that 
even  shells  are  dissolved  in  the  red  clay  bottoms  of  the  depths. 

Mayer*  placed  pieces  of  Cassis  shell  in  sea  water  for  more  than  a  year 
and  found  them  to  maintain  their  weight  within  about  iV  of  1%.  The 
precipitation  of  CaCOs  at  Tortugas  was  studied  by  T.  Wayland  Vaughan, 
R.  B.  Dole,  and  G.  H.  Drew.'  Drew  observed  that  a  denitrifying  bacillus, 
Pseudomonas  colds,  obtained  from  the  sea  water,  was  capable  of  changing 
calcium  nitrate  to  calcium  carbonate  in  culture  media  and  supposes  a 
similar  process  to  occur  in  sea  water.  Since  Vaughan  has  observed 
that  calcium  carbonate  is  constantly  precipitating  at  Tortugas,  Drew's 
hypothesis  necessitates  the  presence  of  an  appreciable  amount  of  nitrates 
or  nitrites,  and  I  have  attempted  to  determine  them. 
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A  half  liter  of  sea  water  was  boiled  in  an  all-glass  still  and  the  dis- 
tillate collected  in  a  series  of  25  cc.  Nessler's  tubes.  Another  series  of 
Nessler's  tubes  were  filled  with  a  graded  series  of  concentrations  of 
ammonium  chloride.  One  cubic  centimeter  of  Nessler's  reagent  was 
added  to  each  tube  and  agitated.  After  fifteen  minutes,  the  tubes  were 
compared  colorimetrically  and  the  ammonia  recovered  from  the  sea 
water  was  estimated.  After  no  more  ammonia  could  be  distilled  from 
the  sea  water,  amalgamated  aluminium  shavings  were  introduced  into 
the  still  and  the  distillation  process  repeated.  The  ammonia  recovered 
was  formed  by  reduction  of  nitrates  and  nitrites.  Duplicate  analyses 
gave  less  than  0.01  mgm.  of  nitrogen  per  liter  as  ammonia  and  less  than 
0.01  mgm.  nitrogen  per  liter  as  nitrates  and  nitrites.  Raben  foimd 
more  than  ten  times  these  quantities  in  North  Sea  water.*  Evidently, 
Pseudomonas  calcis  and  other  organisms  have  almost  completely  re- 
moved the  fixed  nitrogen  from  Tortugas  sea  water.  The  effect  of  this 
probably  explains  the  scarcity  of  life  in  the  vicinity  of  Tortugas  as  com- 
pared with  colder  seas  (law  of  minimiun).  There  is,  however,  a  con- 
stant renewal  of  fixed  nitrogen  from  the  atmosphere,  from  the  decay  of 
organisms  and  probably  from  water  rising  from  the  depths  of  the  ocean. 
If  Pseudomonas  calcis  is  an  important  agent  in  the  precipitation  of 
CaCOs,  its  action  is  evidently  more  intense  in  places  where  calcium 
salts,  nitrates  and  nitrites  are  carried  from  the  land  into  the  sea. 

That  caldimi  carbonate  is  withdrawn  from  surface  waters  of  the 
sea,  is  shown  by  chemical  analyses.  Dittmar^  found  an  average  of 
0.44%  less  calcium  in  surface  waters  than  in  deeper  waters.  This  is 
true  notwithstanding  the  fact  that  calcium  carbonate  is  constantly 
being  added  to  the  surface  waters.  The  drainage  of  the  land  contains 
an  excess  of  calcium  carbonate  and  flows  out  on  the  surface  of  the  sea, 
where  the  water  evaporates  lea\dng  the  excess  of  CaCOs  in  the  sea 
water.  The  action  of  organisms  in  building  calcareous  structures  may 
account  for  a  large  part  of  the  depletion  of  surface  waters,  but  the  pre- 
dpitation  of  calcareous  mud  at  Tortugas  has  been  observed  by  Vaughan. 

The  analysis  of  the  calcium  content  of  sea  water  requires  double 
predpitation,  and  filtration  for  separation  front  magnesium  and  hence 
large  samples  and  great  care  are  required  for  accuracy.  Theoretically, 
however,  we  may  detect  differences  in  caldum  content  by  titration. 
Dittmar  showed  that  except  for  H2O,  caldum  and  gases,  sea  water  is 
remarkably  constant  in  composition.  The  water  content  may  be 
determined  by  titration  of  the  chlorides  and  the  gases  may  be  elimi- 
nated by  boiling  after  the  addition  of  enough  acid  to  decompose  the 
carbonates.    If  we  disregard  carbonic  add,  there  is  an  excess  of  bases 
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in  sea  water,  i.e.,  the  sum  of  the  base  equivalents  is  greater  than  th^ 
sum  of  add  equivalents.    Since  calcium  is  added  to  or  taken  from  se^ 
water  in  the  form  of  CaCOs,  and  change  in  the  calcium  content  caus^^ 
an  equivalent  change  in  the  excess  bas^  or  alkaline  reserve,  as  it  i^^ 
called  by  chemists.    The  alkaline  reserve  may  be  titrated  while  boilin^^* 
the  sea  water  to  eliminate  COs.    The  exact  value  of  the  titration  de — ^  ^ 
pends  on  the  indicator  used  and  the  exact  color  of  the  indicator  that  is 
taken  as  the  end  point,  hence  only  those  titrations  done  in  the  same 
manner  can  be  strictly  compared.    The  titrations,  used  for  the  present 
paper  were  made  by  adding  di-brom-o-cresol-sulphone-phthalein  to  100 
cc.  of  sea  water  in  a  flask  of  resistance  glass  and  titrating  with  0.01  N 
HCl,  while  boiling,  until  the  purple  color  changed  to  yellow  and  did  not 
become  purple  again  after  boiling  for  5  minutes  longer.    The  sides  of 
the  fla^  must  not  be  allowed  to  dry  as  this  would  cause  HCl  to  escape 
from  the  chlorides,  due  to  the  action  of  Magnesium.    The  results  per 
liter  were  recorded  and  some  titrations  were  made  at  20°  and  others  at 
30°,  but  the  errors  due  to  change  in  volume  of  the  sea  water  is  within 
the  limits  of  accuracy  of  the  method.    If  the  sea  water  is  diluted  with 
rain  water,  the  alkaline  reserve  will  be  lowered,  but  this  error  may  be 
compensated  by  dividing  by  the  chlorine  content  (grams  chlorine  per 
kilogram  sea  water).    In  other  words:  a  change  in  the  quotient  of  the 
alkaline  reserve  by  the  chlorine  per  cent  indicates  a  gain  or  loss  of 
CaCOa. 


Sea  water  from  San  Diego,  Cal 

Sea  water  from  Woods  Hole,  Mass. 

Gulf  Stream,  ofif  Miami,  Fla 

Gulf  Stream,  ofif  Tortugas,  Fla 

Average,  Tortugas,  June  and  July. . 
Average,  Key  West,  June  and  July 


AUUUME  Up 


0.0Q235 
0.0Q240 
0.00250 
0.00250 
0.00247 
0.00237 


ciy 


•• 


18.7 
17.7 
19.9 
19.9 
20.0 
20.0 


Alk.  pet. 

cPTT 


X  10.000 


•• 


1.257 
1.356 
1.257 
1.257 
1.235 
1.185 


The  above  table  indicates  that  some  CaCOs  has  been  removed  from 
Tortugas  sea  water,  as  compared  with  other  sea  water,  and  to  a  greater 
extent  from  Key  West  sea  water.  In  other  words,  the  precipitation 
observed  by  Vaughan  is  not  due  to  a  greater  amoimt  of  calcium  in 
Tortugas  or  Key  West  sea  water  but  to  local  conditions  which  cause  the 
precipitate  to  form. 

According  to  the  law  of  mass  action,  in  a  saturated  solution  of  CaCOt 
in  sea  water  at  constant  temperature,  salinity,  etc., 

[Ca  •]  X  [CO/]  -  a  constant 
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Not  all  of  the  calcium  is,  however,  in  the  fonn  of  CaCOj  and  Ca", 
lor  some  is  imdissociated  CaCli,  CaS04,  Ca  (OH) j,  and  CaHCOa.  The 
chlorides  and  sulphates  are  constant  but  [CaHCOs]  and  [Ca(0H)2] 
change  with  the  total  COs  content  of  the  sea  water.  But  I  have  shown* 
that  if  the  alkaline  reserve  remains  constant,  the  total  CO2  of  sea  water 
Cwithin  limits  foimd  in  nature)  varies  inversely  with  the  pH  (  »  —  log.H' 
concentration).  Hence  the  determination  of  the  pH  may  be  substi- 
tuted for  that  of  the  total  COt.  The  determinations  I  have  made  of 
the  water  of  the  Pacific  and  North  Atlantic  showed  the  pH  to  vary 
froni  about  8.1  to  8.25  and  those  of  Dr.  A.  G.  Mayer  in  the  Pacific 
showed  only  a  little  wider  range  (below  8).  Earlier  observations  at 
Tortugas  gave  the  same  range,  but  my  more  extended  observations 
made  this  sunmier  demonstrate  the  inadequacy  of  a  few  determina- 
tions. The  pH  is  influenced  by  plant  and  animal  life  and  rises  at 
Tortugas  to  8.35  during  the  day  over  well-lighted  bottoms  rich  in  vege- 
tation, and  falls  to  8.18  during  the  night.  It  may  be  said,  therefore, 
that  conditions  in  shallow  water  over  eel-grass  or  other  sea-weed  or 
corals  (with  symbiotic  algae)  favor  the  precipitation  of  CaCOs.^ 

The  question  arises  whether  the  occasional  high  pH  of  Tortugas  sea 
water  is  sufficient  to  explain  the  precipitation  of  CaCOi,  or  whether 
nuclei  for  the  separation  of  the  solid  phase  are  necessary.  A  large 
amoimt  of  CaCU  may  be  added  to  sea  water  without  causing  a  pre- 
cipitation. If  the  pH  is  increased  by  the  addition  of  NaOH,  the  re- 
sult depends  on  the  speed  at  which  the  alkali  is  added.  If  the  NaOH 
is  added  suddenly  in  the  form  of  a  strong  solution,  colloidal  precipita- 
tion membranes  form  about  the  drops  and  if  the  membranes  are  broken 
by  shaking  or  stirring,  a  great  mass  of  Mg(0H)2  is  included  in  the  pre- 
cipitate. If  a  very  dilute  solution  of  NaOH  is  added  very  slowly,  CaCOi 
possibly  contaminated  with  Mg(OH)s,  is  precipitated.  The  exact  pH 
at  which  precipitation  first  occurs  cannot  be  determined  by  this  method 
as  the  first  precipitation  occurs  before  the  solutions  are  mixed  and  the 
crystals  thus  formed  serve  as  nuclei  for  further  precipitation.  If 
Tortugas  sea  water  is  kept  in  glass  bottles,  precipitation  occurs  on  the 
glass  while  the  pH  of  the  water  is  within  the  natural  limits,  but  the  pH 
at  the  glass  surface  is  higher,  due  to  solution  of  glass. 

Although  the  pH  at  which  precipitation  would  occur  without  nuclei 
for  the  separation  of  the  solid  phase,  may  be  practically  impossible  to 
determine,  the  final  equilibriimi  with  an  abundance  of  nuclei  is  not  a 
difficult  problem.  Calcite  and  aragonite  crystals  to  serve  as  nuclei  were 
produced  by  the  methods  of  Johnston,  Merwin  and  Williamson.*  The 
crystals  were  examined  under  the  microscope  and  tested  with  cobalt 
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nitrate  solution.  These  observations,  together  with  the  mode  oi 
preparation,  leave  little  doubt  that  the  crystals  actually  were  caldte 
and  aragonite.  Under  the  microscope  an  occasional  caldte  crystal 
could  be  found  among  the  aragonite  crystals  but  the  number  was  not 
sufficient  to  affect  the  cobalt  nitrate  test.  These  caldte  crystals  appar- 
ently grew  slightly  during  the  experiments  but  apparently  no  new  oaes 
were  formed.  To  determine  the  equilibria,  crystals  were  mechanically 
stirred  or  shaken  with  sea  water  in  'nonsol'  flasks,  six  to  fourteen  hours 
at  30°,  then  the  pH  and  alkaline  reserve  determined. 


'feiifi^jffiMff^^^ 


fll 


The  results  are  shown  in  figure  1.    The  alkaline  reserve  is  measure*^^ 
on  the  ordinate  and  the  pH  on  the  abscissa.    The  results  of  agitating  \0^^ 
grams  of  calcite  crystals  with  a  liter  of  sea  water  until  equilibrium  wa^^ 
ap])roximately  reached  are  shown  by  black  rhombs  in  figure  1 .     If  w^'^ 
draw  a  straight  line  from  the  intersection  of  the  ordinates  of  pH  7.^ 
and  alkaline  reser\'e  0.0023  to  pH  8.8  and  alkaline  reserve  0.0009,  the 
determinations  with  calcite  will  fall  very  close  to  it.    This  shows  that 
sea  water  of  the  surface  of  the  oceans  of  the  whole  world  is  supersaturated 
in  respect  to  calcite.    We  may  therefore  conclude  that  suitable  nuclei 
for  the  precipitation  of  calcite  are  absent  or  deficient  in  number.     The 
solubility  of  crystals  varies  inversely  with  their  size,  but  after  they  have 
attained  sufficient  size  to  be  readily  examined  with  low  powers  of  the 
microscope,  further  increase  has  an  unappreciable  effect  on  solubility. 
But  such  crystals  if  present,  would  be  rapidly  precipitated  to  the  hot- 
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torn  of  the  sea,  hence  the  absence  of  nuclei  for  precipitation  of  calcite 
is  what  one  might  expect. 

Aragonite  is  said  to  be  about  10%  more  soluble  than  calcite,  but  no 
difference  in  the  point  of  equilibrium  of  the  two  substances  with  sea 
water  was  detected  in  these  experiments.  This  may  be  explained  by 
the  facts  that  a  few  caldte  crystals  were  mixed  with  'the  aragonite, 
equilibrium  was  only  approximated  and  there  were  slight  errors  in  the 
determinations.    The  results  are  shown  by  black  rosettes  in  figure  1. 

During  the  rough  weather,  white  calcareous  mud  is  stirred  with  the 
sea  water  at  Key  West  and  to  a  lesser  extent  at  Tortugas,  and  it  was 
thought  possible  that  the  mud  granules  might  form  nuclei  for  precipi- 
tation and  explain  the  low  alkaline  reserve  at  Tortugas  and  lower  alka- 
line reserve  at  Key  West.  On  agitating  white  calcareous  mud,  dredged 
from  the  bottom,  with  sea  water,  no  definite  equilibrium  was  reached, 
even  at  the  end  of  four  days.  If  the  alkaline  reserve  was  first  lowered 
by  removal  of  some  CaCOs,  it  remained  lower  than  if  shaken  with  cal- 
dte and  if  normal  sea  water  was  used  the  alkaline  reserve  remained 
higher  than  with  caldte.  It  was  thought  possible  that  the  grains  were 
covered  with  an  impenetrable  film  of  organic  matter;  so  some  mud  was 
dried  and  powdered  in  a  mortar  in  order  to  break  the  pieces  and  form 
fresh  surfaces,  but  similar  results  were  obtained  with  this.  The  results 
are  shown  by  black  drcles  in  figure  1. 

If  mud  was  mixed  with  an  equal  weight  of  calcite,  the  results  were 
the  same  as  with  pure  caldte,  as  shown  by  the  black  dimib-bells  in  figure 
1.  This  mud  and  calcite  on  standing  in  sea  water  for  thirty  days  had  not 
changed  to  caldte.  All  these  facts  tend  to  show  that  the  particles  in  the 
mud  are  in  some  way  retarded  or  prevented  from  getting  into  equilibrium 
with  the  water. 

In  order  to  be  sure  of  clean  surfaces  of  natural  calcareous  substances,  a 
specimen  of  coral,  Maeandra  clivosa^  was  ground  and  powdered  in  a 
mortar  and  agitated  with  sea  water  in  the  same  manner  as  in  previous 
experiments.  The  results  were  similar  to  those  with  mud,  as  shown  by 
the  white  circles  in  figure  1. 

There  seems  to  be  a  more  soluble  form  of  calcium  carbonate  (the  ti 
CaCOs  of  Johnston),  but  since  it  cannot  be  obtained  in  a  pure  state, 
no  attempt  was  made  to  prepare  it.  One  experiment,  however,  was 
made  with  a  precipitate  of  CaCOs  that  appeared  as  spherical  grains 
under  the  microscope.  It  was  agitated  for  twelve  hours  with  sea  water 
and  the  alkaline  reserve  was  0.0022  at  pH  7.95.  No  further  experiments 
were  made  to  determine  whether  equilibriimi  had  been  approximated. 
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These  experiments  clearly  show  that  the  surface  water  of  the  sea  is  a 
supersaturated  solution  of  CaCOs  and  it  is  only  necessary  to  introduce 
caldte  crystals  in  order  to  cause  considerable  precipitation  of  this  sub- 
stance. Precipitation  goes  on  in  the  bodies  of  organisms  in  the  surface 
waters  of  all  seas.  The  precipitation  observed  by  Vaughan  at  Tortugas 
is  very  finely  divided,  but  whether  it  was  formed  in  the  bodies  of  minute 
organisms,  which  subsequently  died,  has  not  been  determined.  Such 
particles  might  slowly  grow,  since  the  agitation  of  them  with  sea  water 
was  found  to  take  a  trace  of  CaCOs  out  of  the  water.  Small  crystals 
have  been  seen  in  the  bodies  of  Protista,  and  whether  they  are  CaCOa 
or  not,  they  might  form  nuclei  for  the  precipitation  of  CaCOs  if  released 
into  the  sea  water. 

In  some  experiments  in  liter  flasks  of  resistance  glass,  filled  into  the 
neck  (and  hence  admitting  of  but  slight  loss  of  CO2)  the  pH  and  alka- 
line reserve  was  determined  immediately  before  and  after  agitation 
with  calcite,  and  the  loss  of  COs  from  the  sea  water  calculated  from  the 
pH  and  from  the  loss  of  CaCOs  (alkaline  reserve). 


BA  WATEB 

pH 

TOTAL  COl 

AIXAUMl 
USERVE 

CALCULATKD  LOSS  OT  COl 

FVompH 

From  alk.  vs. 

Before  agitation  with  calcite 

8.2 
7.67 

8.25 
7.72 

44  5 
38.5 

43.8 
37.0 

0.0025 

0.0019 

0.00250 
0.00185 

6 
6.8 

6  72 

After  aeitation  with  calcite 

Before  a&itation  with  calcite 

7  27 

After  aeitation  with  calcite 

In  the  above  table,  the  agreement  is  very  striking  in  view  of  the 
probable  error  in  determination  of  pH  and  the  liability  to  loss  of  COt 
from  the  water  surface  in  the  neck  of  the  flask,  agitated  by  the  rotary 
stirrer. 

If  the  pH  of  sea  water  should  be  maintained  (by  the  action  of  plants) 
at  8.2  while  it  was  agitated  with  calcite  crystals,  the  loss  of  CaCO, 
would  be  about  0.001  N,  or  0.0005  M,  or  0.1  gram  per  liter.  This 
would  cause  a  deposit  of  10  kgm.  per  square  meter  of  bottom  in  water 
100  meters  deep.  This  would  cause  a  lowering  of  the  calcium  content 
of  Tortugas  sea  water  by  about  4.5%. 


>  The  Depths  of  the  Ocean,  London,  1912,  p.  178. 

« These  Prcxteedings,  2,  1916,  (28). 

»  Washington,  Carnegie  Inst.,  Pub.  No.  182,  1914,  (Tortugas  Lab.,  vol.  5). 

*  Depths  of  the  Ocean,  p.  368. 

»  Voyage  of  H.  M.  S,  Challenger,  Physics  and  Chemistry,  vol,  1. 

•McClendon,  /.  Biol.  Chem.,  Aug.,  1917. 
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'It  would  be  interesting  to  know  whether  corals  and  calcareous  algae  deposit  as  much 
CaCOs  in  the  dark  as  in  the  light.  Corals  from  deep  water  are  smaller,  more  fragilv,  and 
deposit  less  CaCOg  than  those  of  shallow  water,  but  the  same  is  true  of  animals  without 
symbiotic  algae.  The  deposition  is,  however,  related  to  the  pH,  since  F'alitzsch  has  shown 
that  the  pH  decreases  with  depth. 

•Amer,  J.  Sci.,  New  Haoen,  41,  1916,  (473). 
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THE  HYDROGEN  ION  CONCENTRATION  OF  THE 

ILEUM   CONTENT. 

By  J.  F.  McCLENDON,  A.  SHEDLOV,  and  W.  THOMSON. 

(From  the  Physiological  Laboratory  of  the  University  of  Minnesota  Medical 

School  J  Minneapolis.) 

(Received  for  publication,  May  30,  1917.) 

It  has  been  shown  by  the  senior  author  that  the  reaction  of  the 
duodenal  contents  of  infants  is  distinctly  acid   (pH  3.1).    A 
few  determinations  of  the  duodenal  contents  of  adults,  that  had 
been  exposed  to  air  for  hours,  showed  them  to  have  become 
slightly  more  alkaline  than  the  blood  (pH  7.7)  but  whether  they 
are  alkaline  in  the  body  was  not  determined.    One  sample  of 
adult  duodenal  contents  that  was  strongly  colored  with  bile  was 
about  as  acid  as  the  stomach.    According  to  Fok,  dogs'  bile  and 
calves'  bile  is  acid  (pH  5.4  and  6.5),  and  it  seems  probable  that 
the  neutralization  of  the  acid  from  the  stomach  is  accomplished 
by  the  pancreatic  juice  alone.    ]^ancreatic  juice  is  usually  mixed 
with  bile  in  the  common  bile  duct,  but  the  presence  of  bile  in  the 
duodenum  may  not  always  indicate  that  pancreatic  juice  is  pres- 
ent also.    We  opened  the  abdominal  cavity  of  a  dog  several 
hours  after  a  hearty  meal  and  before  the  stomach  was  nearly 
empty.    The  ileum  was  empty  except  for  some  residue  packed 
in  its  lower  end.    The  duodenum  contained  bile-stained  fluid 
of  an  acid  reaction.    Auerbach  and  Pick  found  the  contents  of 
the  small  intestine  of  dogs  to  be  sUghtly  alkaline,  but  it  is  not 
clear  that  some  CO2  was  not  lost  from  the  samples.    Although 
the  exact  pH  of  the  small  intestines  of  men  and  dogs  may  be 
uncertain,  it  is  probably  higher  (less  acid)  than  the  duodenal 
contents  of  infants.    Since  we  did  not  have  the  opportunity  to 
study  the  contents  of  the  ileum  of  infants,  we  used  pups,  and 
found  the  contents  of  the  ileum  to  be  sUghtly  acid  throughout  the 
nursing  period  and  later  on  a  diet  of  soUd  food.    The  contents  of 
the  ileum  were  less  acid  than  those  of  the  infants'  duodenum 
(except  possibly  during  the  first  week),  as  shown  in  the  following 
table  of  seven  pups  of  the  same  Utter. 
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270  pH  of  Ileum 

Age,  day* 4  9  11  16         18  42  46 

pH  of  ileum     ..5.7       6.75         6.34       6-3       61        6.15        60 

Ttie  last  two  pups  took  only  solid  food  and  the  acidity  of  the 
stomach  was  as  high  as  in  the  dog.  The  younger  pups  nursed 
at  very  frequent  intervals;  the  pH  of  the  stomach  contents  varied 
from  about  5.5  to  6  and  the  pH  of  the  ileum  was  nearly  the  same 
as  that  of  the  stomach  at  the  same  time.  The  low  acidity  of 
the  stomach  is  due  to  the  acid-binding  power  of  the  milk. 

These  experiments  offer  a  suggestion  as  to  the  conditions  in  the 
infant.  The  gastric  juice  of  the  infant  is  nearly  as  acid  as  that 
of  the  adult.  The  period  of  4  hours  between  feedings  allowed  the 
stomach  to  become  empty  and  to  accumulate  a  very  acid  fluid 
which  ran  down  into  the  duodenum.  We  suppose  such  a  process 
would  take  place  in  the  pup  with  4  hour  feedings.  We  have  no 
evidence,  however,  to  indicate  whether  the  reaction  of  the  in- 
fant's ileum  is  the  same  as  or  different  from  the  duodenum. 

The  determinations  were  made  with  the  hydrogen  electrode 
described  by  McClendon  and  Magoon,  the  tip  being  inserted 
through  a  small  hole  cut  in  the  ileum  and  the  electrode  filled  by 
pressing  on  the  gut.  The  temperature  of  the  room  was  electric- 
ally regulated  to  20°.  The  Leeds -and  Northrup  potentiometer 
was  the  same  as  in  preceding  experiments,  but  a  Leeds  and  North- 
rup (Type  R)  galvanometer  of  about  4,000  ohms  was  used  in 
place  of  the  capillary  electrometer.  The  oscillations  of  this  gal- 
vanometer cause  much  waste  of  time,  but  we  damped  the  oscil- 
lations at  intervals  in  the  following  manner.  A  key  was  used 
that  opened  the  circuit  when  pressed  down  half  way  and  closed 
it  when  pressed  all  the  way  down,  but  short  circuited  the  gal- 
vanometer when  released.  When  the  galvanometer  is  short 
circuited,  the  potential  energy  of  the  twisted  suspension  or  the 
kinetic  energy  of  the  moving  coil  is  transformed  into  electrical 
energy  and  hence  into  heat  in  the  highly  resistant  circuit,  and 
hence  the  rate  of  movement  of  the  coil  is  brought  almost  to  zero. 

BIBLIOGRAPHY. 

Auerbach,  P.,  and  Pick,  H.,  Xr6.  k.  Gsndkeitt.,  1912,  xliii,  155. 

Foi,  C,  Arch.  fisioL,  1905-06,  iii,  390. 

McClendon,  J.  F.,  Am.  J.  Physiol.,  1915,  xxxviit,  191. 

McClendon,  J.  F.,  and  Mapoon,  C.  A.,  J.  Biol.  Chem.,  1916,  xxv,  669. 


V 


•IME 

1, 
li] 


■* 
t 


iKM 


^ 


WAVKRLY  PItiSS 
.TIMOIVB.  U.  »■  A- 


•  -"y^*  I 


THE  STANDARDIZATION  OF  A  NEW  COLORIMETRIC 
METHOD  FOR  THE  DETERMINATION  OF  THE  HY- 
DROGEN ION  CONCENTRATION,  CO,  TENSION, 
AND  CO2  AND  O2  CONTENT  OF  SEA  WATER, 
OF  ANIMAL  HEAT,  AND  OF  CO2  OF  THE 
AIR,   WITH  A  SUMMARY  OF  SIMI- 
I^AR  DATA  ON  BICARBONATE 
SOLUTIONS   m    GENERAL 


J.  fJ 


BT 

McCLENDON 


(Frobc  tbe  Physiological  Laboratory  of  the  Univsbsity  of 

MiNNXBOTA,  MiNNEAFOLIB) 


VBOM 

THE  JOURNAL  OF  BIOLOGICAL  CHEMISTRY 
Vol.  XXX,  No.  2,  Junb,  1917 


t 


'  4 


I     i 


Repnnted  from  The  Joxtbmal  of  Biological  Chsmistry,  Vol.  XXX,  No.  2,  1917 


THE   STAI7DASDIZATI0N   OF  A  NEW  COLORIMETRIC 
METHOD  FOR  THE  DETERMINATION  OF  THE  HY- 
DROGEN ION  CONCENTRATION,  CO,  TENSION, 
AND  COt  AND  Os  CONTENT  OF  SEA  WATER, 
OF  ANIMAL  HEAT,  AND  OF  COi  OF  THE 
AIR,  WITH  A  SUMMARY  OF  SIMILAR 
DATA  ON  BICARBONATE   SOLU- 
TIONS IN  GENERAL.* 

Bt  J.  F.  McCLENDON. 

(from,  ihe  Phytiologieal  Laboratory  of  the  University  of  Minnesota, 

Minneapolis.) 

(Received  for  publication,  March  14,  1917.) 

■ 

The  exx)eriinents  on  which  this  paper  is  based  were  all  done 
by  the  author,  but  some  of  them  have  already  been  published 
(McClendon  and  Magoon,  McClendon,  1916,  6,  and  McClendon, 
Gault,  and  Mulholland).  The  main  object  of  the  present  paper 
is  the  extension  of  this  previous  work  by  means  of  the  new  and 
slightly  more  reliable  apparatus  herein  described.  Sea  water  is 
much  more  diflBcult  to  inyestigate  than  blood,  owing  to  its  low 
buffer  value  and  low  CO2  tension.  It  requires  great  care  to 
measure  0.01  mm.  in  CO2  tension,  and  yet  this  is  about  4  per 
cent  of  the  CO2  tension  of  the  sea.  After  the  CO2  tension  is 
determined  it  may  be  changed  by  the  solution  of  glass.  The 
difficulties  of  making  determinations  with  the  hydrogen  electrode 
are  increased  as  the  buffer  value  is  lowered. 

A  Leeds  and  Northrup  potentiometer  and  a  0.1  n  KCl  calomel 
electrode  were  used.^  The  mercury  was  redistilled  in  a  Hulett 
still.    The  hydrogen  electrode  is  shown  in  Fig.  1  as  set  up  for 

*  Some  of  the  apparatus  was  bought  with  a  grant  from  the  research 
fund  of  the  Graduate  School,  and  some  was  borrowed  from  the  Marine 
Laboratory  of  the  Carnegie  Institution. 

*  Electrolytic  calomel  for  this  was  kindly  sent  me  by  Professor  G.  A. 
Hulett. 
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the  passage  of  the  Hi  +  COs  mixture  through  it.  It  was  made 
of  a  tube  of  24  mm.  bore  with  a  stop-cock  at  each  end  and  a  gold 
disk  welded  to  a  platinum  wire  fused  through  the  glass.  The 
gold  disk  was  covered  with  palladium  black  by  electrolyzing  a 
1  per  cent  filtered  solution  of  palladium  chloride,  using  a  small 
platinum  wire  as  anode.  A  4  volt  current  was  used,  but  tlus 
had  to  be  cut  down  by  reducing  the  size  of  the  abode,  especially 
at  the  beginning.  If  the  palladiumization  proceeds  too  fast, 
the  palladium  black  does  not  stick  to  the  cathode,  but  breaks 
off  and  moves  to  the  anode  in  a  cloud.  After  the  electrode  had 
been  used  a  few  times  the  black  was  dissolved  off  by  concen- 
trated nitric  acid,  and  deposited  anew.' 

The  gas  mixture  was  admitted  into  the  electrode  by  a  swivel 
joint  groimd  so  true  that  it  could  be  effectively  closed  with  a  water 
seal.  The  electrode  was  rotated  400  revolutions  per  minute  by 
means  of  a  Tiffany  motor  operating  on  a  cork  wheel  or  pulley. 
If  the  electrode  contained  only  2  cc.  of  sea  water  and  its  COi 
tension  at  the  start  did  not  differ  from  that  of  the  gas  mixture 
more  than  0.1  mm.,  equilibrium  was  reached  by  the  passage  of  a 
Uter  of  the  gas  mixture  in  the  course  of  30  to  40  minutes. 

The  gas  mixer  is  also  shown  in  Fig.  1  and  is  of  1  liter  capacity, 
with  the  upper  portion  graduated  and  so  narrow  that  0.00001 
liter  can  be  read  on  it  with  ease.  The  3-way  stop-cock  at  the 
top  allows  the  connecting  tubes  to  be  washed  out  with  the  gas 
to  be  introduced.  Since  the  apparatus  holds  25  pounds  of  mer- 
cury, the  gas  mixer  and  leveling  bulb  were  woimd  with  iron  wire 

*  If  the  nitric  acid  is  contaminated  with  chlorides  or  HCl,  chlorine  will 
be  formed.  If  it  is  necessary  to  remove  platinum  black  from  electrodes, 
aqua  regia  is  required  and  an  abundance  of  chlorine  is  formed.  The  last 
trace  of  chlorine  may  be  removed  by  electrolyzing  a  dilute  solution  of 
H2SO4,  using  the  electrode  as  cathode.  If,  however,  it  is  feared  that  a 
palladiumized  electrode  is  contaminated  with  chlorine,  it  is  safest  to  elec- 
trolyze  distilled  water  with  a  higher  voltage,  as  palladium  black  is  at- 
tacked by  mineral  acids.  The  fact  that  palladium  black  is  attacked  by 
HCl  may  explain  the  rapid  deterioration  of  palladiumized  electrodes  in 
gastric  juice,  which  I  have  repeatedly  observed.  Another  objection  to 
palladium  black  is  that  it  amalgamates  instantaneously  with  mercury. 
The  surface  of  hydrogen  electrodes  is  "poisoned"  by  so  many  different 
substances  that  it  often  seems  impossible  to  find  the  cause  of  the  trouUe. 
Both  oxidizing  and  reducing  gases  may  poison  it. 
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Fig.  1.  Gas  mixer  and  rotating  electrode  for  determining  the  pH  of 
a  solution  at  any  desired  COs  tension.  The  gas  mixer  at  the  left  is  of  1 
liter  capacity  down  to  the  mark  just  above  the  lower  stop-cock,  and  the 
numbers  on  the  upper  narrow  portion  mark  0.0001  liter.  The  mixer  is 
filled  with  mercury  and  the  COs  generator  connected  threugh  the  trap 
that  delivers  COs  at  atmospheric  pressure,  to  the  upper  stop-cock,  which 
is  first  turned  so  that  the  gas  escapes  at  the  top  and  later  reversed  so  as  to 
admit  the  desired  amount  of  gas.  These  operations  are  repeated  with  Hs 
and  the  mixer  is  filled  with  it  down  to  the  1  liter  mark  at  the  bottom.  The 
remaining  mercury  is  shaken  with  the  gas  to  mix  it.  The  mixer  is  now 
turned  around  and  connected  with  the  rotating  electrode  on  the  right 
through  the  swivel  joint  closed  by  a  water  seal  in  the  moist  chamber.  A 
similar  water  seal  connects  the  right  hand  end  of  the  electrode  with  a  trap 
to  prevent  the  backward  diffusion  of  air.  The  electrode  (containing  1  or 
more  cc.  of  the  solution)  is  rotated  400  revolutions  per  minute  by  means 
of  the  cork  pulley  belted  to  a  Tiffany  motor  while  the  gas  mixture  is  slowly 
passed  through  it  by  displacement  with  mercury  in  the  mixer.  The  stop- 
cocks at  the  two  ends  of  the  electrode  are  closed,  and  the  one  nearest  the 
palladiumized  disk  (having  been  left  ungreased)  is  immersed  in  the  KCl 
bath  and  a  wire  hooked  in  the  projecting  loop  from  the  palladiumized 
disk.     The  reading  is  now  taken  in  the  usual  manner. 
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FiQ.  2.  Van  Slyke  apparatus  slightly  modified  for  determining  the  total 
COt  in  sea  water.  A  rubber  suction  tube,  1  mm.  bore  and  1  meter  long, 
connects  the  lower  end  with  a  leveling  bulb  with  cylindrical  sides  and 
filled  with  mercury.  By  raising  the  bulb  the  apparatus  is  filled  with 
mercury.  The  upper  stop-cock  is  closed  and  the  bulb  lowered  so  as  to 
exhaust  the  apparatus.  The  bulb  is  raised  without  opening  the  upper  , 
stop-cock.  The  traces  of  air  are  now  collected  at  the  top  and  are  forced 
out  on  opening  the  upper  stop-cock.  By  means  of  careful  manipulation 
of  a  pipette  and  the  upper  stop-cock,  10,  15/  or  20  cc.  of  sea  water  are  ad- 
mitted, care  being  taken  not  to  admit  any  air.  It  is  permissible  to  leave 
one  or  two  drops  of  this  sea  water  in  the  1  cc.  cup  at  the  top  as  this  amount  f 
may  be  washed  down  by  the  introduction  of  1  cc.  of  2  n  HCl  in  the  same 
manner.  A  drop  of  mercury  is  placed  in  the  cup  to  seal  the  stop-cock  and 
the  bulb  lowered  until  the  mercury  falls  to  the  etched  mark  near  the  bot- 
tom of  the  100  cc.  chamber.  The  lower  stop-cock  is  closed  and  the  appa- 
ratus is  shaken  laterally  in  the  vertical  position  as  vigorously  as  possible 
for  2  minutes  (in  case  20  cc.  of  sea  water  was  used,  4  minutes).  The  sea 
water  is  now  trapped  off  in  the  trap,  T,  and  the  mercury  allowed  to  rise 
in  the  100  cc.  compartment  until  atmospheric  pressure  is  attained  in  it 
and  the  lower  stop-cock  closed.  At  the  end  of  1  minute  the  amount  of 
sea  water  above  the  mercury  in  the  1  cc.  gas  burette  is  measured,  calcu- 
lation being  made  for  the  two  menisci.  The  apparatus  is  laid  on  its  left 
side  on  a  cushion  and  agitated  1  minute  after  the  air  is  in  the  wide  por- 
tion of  the  100  cc.  chamber.  The  apparatus  is  then  clamped  upright,  the 
lower  stop-cock  opened,  and  the  mercury  levels  are  adjusted  by  means  of 
a  screw.  The  air  volume  in  the  1  cc.  burette  is  carefully  measured.  1  cc. 
of  0.5  to  1.0  N  NaOH  is  admitted  from  the  cup  into  the  gas  burette  to  ab- 
sorb the  COs.  In  leveling  the  bulb  to  measure  the  gas  residue,  one-thir- 
teenth of  the  height  of  the  NaOH  is  reckoned  as  mercury.  The  total  COi 
that  was  in  the  original  sea  water  is  that  absorbed  plus  that  in  the  sea 
water  above  the  mercury  plus  that  in  the  sea  water  trapped  in  the  trap, 
T.  After  these  are  calculated  by  means  of  the  volumes,  absorption  co- 
efficient, and  COt  tension,  they  are  added  together  and  reduced  to  0^  and 
760  mm.  To  do  this  it  is  necessary  to  know  the  barometric  pressure  and 
the  capillary  depression  in  the  gas  burette,  which  latter  is  subtracted 
from  the  former. 

In  the  following  example  on  10  cc.  of  0.576  n  sea  water  at  20°,  the  ab- 
sorption coefficient  for  COs  was  0.757,  the  barometric  pressure  754  mm., 
and  the  capillary  depression  2  mm.  The  COs  absorbed  was  0.405  cc.  and 
the  gas  volume  before  absorption  0.59  cc,  making  the  COs  tension  0.687 
(unity  =  barometric  pressure).  The  sea  water  above  the  mercury  was 
read  as  0.075,  to  which  was  added  the  volume  of  menisci  (0.0133)  making 
0.0683.  The  CO,  in  this  sea  water  was  0.0883  X  0.687  X  0.757  =  0.0459, 
which  added  to  the  absorbed  COs  makes  0.4509.  This  occupied  a  space 
of  89  cc.  over  11  cc.  of  acidulated  sea  water;  hence  there  is  in  the  trap 

--  X  0.4509  X  0.757  =  0.0422,  which,  added  to  that  already  calculated, 

makes  a  total  of  0.4931  cc,  and  which,  reduced  to  0**  and  760  mm.,  is  0.442 
per  10  cc,  or  44.2  cc.  per  liter.  Since  the  pH  was  8.2  and  the  alkaline  re- 
serve 25,  the  total  COs  agrees  with  Fig.  4. 
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that  was  run  through  boiling  sealing  wax  as  it  was  wound  on. 
After  the  gases  were  measured  into  the  mixer,  they  were  thor- 
oughly mixed  by  shaking  up  the  little  mercury  remaining  in  it. 

The  hydrogen  was  generated  from  zinc  and  HiSO«  and  passed 
.  through  a  large  and  a  small  wash  bottle  6i  HgClj  solution,  and 
a  small  one  of  NaOH  solution  and  one  of  HjO.  When  the  EmiD 
wash  bottle  of  HgClt  showed  the  first  trace  of  discoloration  with 
arsene,  all  the  wash  bottles  were  refilled.  The  COt  was  gen- 
,  erated  from  marble  and  HCl  and  washed  with  NaHCOi  and  HiO. 
The  gases  were  led  to  the  gas  mixer  through  traps  (0,  0)  tlist 
delivered  them  at  atmospheric  pressure,  and  a  barometer  in  the 
same  room  was  read  during  each  experiment. 

When  a  liter  of  the  gas  mixture  had  been  passed  through  the 
revolving  electrode,  the  stop-cocks  were  closed.  The  ungreassd 
stop-cock  was  immersed  in  the  usual  KCl  bath,  a  wire  hooked 
into  the  platinum  loop,  and  the  electric  potential  determined. 
An  identical  gas  mixture  was  made  and  passed  through  the  elec- 
trode as  before.  If  the  potential  remiuned  the  same,  it  w 
assumed  that  equiUbrium  with  the  gas  mixture  had  been  reached. 
In  case  it  was  desired  to  determine  the  total  COi  on  the  same 
sample  it  was  necessary  to  have  10  cc.  of  sea  water  in  the  elec- 
trode. The  total  COj  was  determined  by  means  of  a  modified 
Van  Slyke  apparatus  for  determining  the  CO»  in  serum  (Fig-  2). 

All  the  determinations  were  made  in  a  constant  temperature 
room  automatically  controlled  within  0.2°  by  means  of  the  ap- 
paratus previously  described  (McClendon,  1916,  a).     A  damping 
vane  in  glycerol  was  added  to   the  bimetaUic  thermoregulator- 
Some  trouble  was  caused  by  arcing  between  the  relay  contacts 
carrying  the  1,500  watt  heating  current.    A  lump  of  solder  was 
placed  on  them  so  that  it  fell  and  rang  a  bell  before  a  hot  arc  had 
time  to  form.    Since  a  man's  body  heats  1  cubic  meter  of  aii 
about  0.5°  per  minute,  rapid  stirring  of  the  air  is  needed.    Tbis 
was  accomplished  by  means  of  a  one-sixth  horse  power  electeic 
fan  and  two  smaller  fans.     As  the  outdoor  temperature  varied 
from  0°  to  —  30°,  no  special  arrangement  for  cooling  the  room 
was  required,  but  the  electric  heat  r^ulation  was  later  found 
sufficient  even  with  a  window  slightly  raised  and  a  vertical  fan 
set  in  front  of  it. 
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Great  care  had  to  be  taken  in  the  manipulation  of  the  Van 
Slyke  apparatus  and  the  reading  of  the  menisci  in  order  to  reduce 
the  error  below  1  per  cent.  The  greatest  difficulty  was  experi- 
enced in  greasing  the  stop-cocks  so  that  they  would  hold  a  vacuum 
without  soiling  the  interior  of  the  apparatus  with  grease,  but 
this  diflSculty  disappeared  on  reducing  the  bore  of  the  stop-cocks 
to  1  mm.  A  mixture  of  equal  parts  of  soft  paraflSn,  vaseline, 
and  chicle,  melted  together  and  thoroughly  stirred  was  found  to 
be  the  best  stop-cock  grease.  It  was  thinned  with  vaseline  for 
lower  temperatures.  A  source  of  error,  the  magnitude  of  which 
has  not  been  determined,  is  the  holding  of  some  CO2  by  the  thin 
film  of  sea  water  between  the  mercury  and  the  glass,  when  the 
mercury  is  readmitted  into  the  large  compartment.  This  source 
of  error  is  smaller  in  the  modified  apparatus.  This  error  makes 
the  values  obtained  too  low,  but  in  the  standardization  of  the 
apparatus  with  Na2C03  solution  in  C02-free  distilled  water,  this 
tjrror  was  so  small  as  to  be  overcompensated  by  the  absorption 
of  CO2  from  the  air  by  the  solution  in  introducing  it  into  the 
apparatus.  In  the  case  of  sea  water,  some  CO2  is  rarely  lost 
and  never  gained. 

Tlie  titration  alkalinity  or  alkaUne  reserve  was  determined 
by  titrating  100  cc.  of  sea  water  while  boiling  in  an  Erlenmeyer 
flask  of  resistance  glass  with  0.01  n  HCl,  using  dibrom-o-cresol- 
eulfophthalein  as  indicator.  It  usually  required  1  cc.  more  than 
by  the  usual  method  of  titration  with  phenolphthalein.  The 
latter  indicator  was  discarded  since  it  was  thought  to  be  affected 
by  some  of  the  weak,  non-volatile  acids  in  sea  water,  although 
laot  by  boric  acid.  The  0.01  n  HCl  is  affected  by  the  solution  of 
glass  about  ten  times  as  rapidly  as  0.1  n  acid  (being  noticeably 
changed  in  a  month),  and  hence  the  stock  solution  was  made  of 
lihe  latter  and  the  former  made  from  time  to  time  by  dilution. 
If  a  liberal  supply  of  sea  water  is  at  hand,  it  is  very  desirable  to 
tnake  the  titration  on  a  liter  of  it  with  0.1  n  acid,  as  the  end- 
point  is  not  very  sharp  in  any  case.  The  water  should  remain 
yellow  after  vigorous  boiling  for  5  minutes  after  the  last  acid 
has  been  added. 

In  the  experiments  on  which  this  paper  is  based,  all  liquid 
volumes  were  determined  at  20°  and  the  solutions  used  at  10°, 
20°,  and  30°  without  correction  for  volume  change.     The  density 
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at  20°  compared  with  distilled  water  at  4°  is  given.  The  con- 
centration of  the  sea  water  is  indicated  by  the  normahty  of  the 
chloride  titration  with  silver  nitrate  and  may  be  reduced  to  gm. 
per  liter  by  multiplying  by  35.46  and  gm.  per  kilo  by  dividing  the 
product  by  the  density.  The  alkaline  reserve  is  indicated  by 
the  number  of  cc.  of  O.I.N  HCl  required  to  titrate  a  Uter  of  the 
sea  water.  The  total  COj  is  expressed  as  the  number  of  cc.  of 
dry  CO2  at  0°  and  760  nmi.  that  may  be  evolved  from  a  liter  of 
sea  water  by  adding  acid  and  boiling  (but  as  stated  above,  the 
results  are  within  the  limits  of  accuracy  of  the  micro  method). 
The  CO2  tension  is  expressed  as  nun.  of  mercury,  and  may  be 
reduced  to  atmospheres  by  dividing  by  760.  The  pH  was  deter- 
mined by  the  hydrogen  electrode  at  the  same  temperature  at 
which  the  CO2  tension  was  regulated,  but  it  was  also  found  that 
the  pH  is  not  perceptibly  affected  by  temperature  provided  there 
is  no  gain  or  loss  of  CO2.  The  temperature  change  in  hydrolysis 
of  alkaline  carbonates  is  compensated  by  the  change  in  the  dis- 
sociation of  water. 

Besides  the  Tortugas  sea  water  previously  investigated,  deter- 
minations were  made  on  0.5366  n  sea  water  from  near  San  Diego* 
(alkaline   reserve   =    23.5,    determined    density  =  1.0238],  on 
0.513  N  sea  water  from  Woods   Hole,  Massachusetts  (alkaline 
reserve  =  24,  determined  density  =  1.0225),  and  especially  on 
0.576  N  sea  water  (alkaUne  reserve  =  25,  determined  density  = 
1.0254)  taken  from  the   Gulf  Stream  off  Miami,  Florida,  and    ; 
examined  immediately  on  arrival  by  express.     No  difference  was 
detected  between  these  sea  waters  in  the  relation  of  COj  tension 
to  pH.    The  relation  of  the  total  CO2  to  pH  was  affected  only  by 
the  alkaUne  reserve  (within  the  linait  of  error  of  the  micro  method). 

It  was  found  that  the  pH  plotted  against  the  logarithm  of  the 
CO2  tension  made  a  very  gentle  curve  at  higher  COj  tensions. 
Within  the  limits  given  in  Fig.  3  it  was  indistinguishable  from  a 
straight  line  (i.e.,  the  curvature  is  within  the  Umits  of  error  of 
the  determinations).  If  the  CO2  tension  remains  constant  the 
pH  varies  directly  with  temperature,   1°  corresponding  to  0.01 

*  This  was  sent  by  the  Scripp  Institution  of  Biological  Research.  The 
water  from  Woods  Hole  was  sent  by  Professor  A.  W.  Johnston,  and  that 
from  Florida  was  taken  by  John  Mills  of  the  Carnegie  Marine  Laboratory 
and  sent  by  Dr.  Alfred  G.  Mayer, 
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pH.    Fig.  3  may  be  used  as  a  conversion  table  for  finding  the 
CO2  tension  of  sea  water  from  the  pH  and  temperature.    These 
)^alues  compare  favorably  with  those  of  Henderson  and  Cohn  in 
-^        80  far  as  comparison  may  be  made. 

\        •  When  the  pH  is  plotted  against  the  total  CO2,  the  curvature 
is  possibly  greater,  but  the  limits  of  error  are  greater,  and  the 
graph  shown  in  Fig.  4  is  as  accurate  as  it  has  been  possible  to 
make  from  the  data  so  far  accumulated.     This  figure  may  be 
used  as  a  conversion  table  for  finding  the  total  CO2  from  the  pH 
and  the  alkaline  reserve.    The  lines  are  not  straight  if  extended. 
In  one  determination  at  pH  7.4  and  alkaline  reserve  25,  the  total 
COswas  64  cc,  whereas  by  the  extended  chart  it  would  be  57  cc. 
Since  there  is  from  twenty  to  thirty  times  as  much  CO2  in  the 
sea  as  in  the  air,  the  small  surface  of  contact  of  these  two  cannot 
locally  affect  the  CO2  content  of  the  sea  water  very  much.     The 
oxygen  content  of  the  sea  water  is  more  significantly  affected, 
since  it  varies  with  the  climatic  zones,  but  the  exchange  of  O2 
Ijetween  sea  and  air  is  probably  very  slow.     To  the  extent  that 
the  sea  is  a  closed  system,  O2  varies  inversely  to  CO2,  due  to  the 
action  of  organisms,  the  possible  error  being  30  per  cent.    We 
Qiay  therefore  use  Fig.  4  for  finding  the  oxj'^gen  content  of  sea 
i^ater,  provided  the  pH  and  alkaline  reserve  are  known,  and  on 
the  assumption  that  the  respiratory  quotient  is  unity  and  that 
a  Jdlo  calorie  will  raise  the  temperature  of  a  liter  of  sea  water  1°. 
It  is  obviously  impossible  to  use  these  data  in  any  attempt  to 
determine  the  respiratory  quotient  of  a  marine  animal  in  a  sealed 
jar  of  sea  water,  but  the  data  are  valuable  in  indicating  the  limits 
of  the  oxygen  supply,  since  the  respiratory  quotient  of  animals 
has  been  found  to  vary  within  narrow  limits  (0.7  to  1.0).     The 
aninial  heat  per  cc.  of  CO2  produced  by  the  burning  of  carbohy- 
drates is  about  5  gm.  calories,  of  proteins  about  5.9,  and  of  fats 
about  6.6.    The  error  in  estimating  the  total  animal  heat  with 
the  aid  of  Fig.  4  will  be  great  only  in  case  the  respiratory  quo- 
tient varies  greatly  from  unity;  t.e.,  when  a  large  proportion  of 
fats  and  proteins  is  burned.     It  seems  to  be  a  fact  that  no  gill- 
breathing  animal  has  a  temperature  more  than  2-3°  above  the 
surrounding  water.     After  an  inspection  of  Fig.  4  it  seems  in- 
credible that  even  the  recorded  temperatures  of  aquatic   animals 
could  be  maintained.     The  oxygen  necessary  for  the  generation 
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of  heat  must  be  carried  from  the  gills  to  the  interior  by  an  aqueous 
fluid  of  high  specific  heat,  and  it  would  appear  that  the  heat  trans- 
fer must  be  nearly  as  effective  as  the  oxygen  transfer.    The  pos- 
session  of   hemoglobin,   thus   facilitating   the   oxygen  transfer, 
should,  however,  allow  a  slightly  higher  body  temperature  to 
be  maintained.     A  parallel  case  is  indicated  by  Dallwig,  Kolls, 
and  Loevenhart  in  the  comparison  of  the  oxygen  necessary  to 
support  a  flame  and  maintain  the  temperature  of  a  mammal. 
The  flame  can  be  maintained  in  20  mm.  O2  tension  made  by 
rarefying  the  air,  because  the  decreased  oxygen  content  of  the 
air  is  compensated  by  the  decreased  conduction  of  heat.   But 
the  flame  is  extinguished  at  116  mm.  O2  tension  made  by  diluting 
the  air  with  nitrogen,  because  its  specific  heat  is  maintained. 
The  manmial  is  unaffected  by  either  process  down  to  40  lam.  Oj 
tension  and  perhaps  farther,  because  the  heat  conductance  de- 
pends largely  on  the  specific  heat  of  the  blood,  which  is  constant. 
It  follows  from  Figs.  3  and  4  that  the  total  CO2  plotted  against 
the  logaritiim  of  the  CO2  tension  forms  a  straight  line.    If  Fox's 
data  are  plotted  in  this  way,  a   straight  line  is  approximated 
only  for.  low  CO2  tensions.     He  used  500  cc.  samples  and  hence 
hi$  determinations  were  probably  far  more  accurate  than  mine- 
He  determined  the  CO2  tension  by  titrating  the  CO2  in  air  shaket^ 
with  the  sea  water  (and  the  sea  water  left  in  the  bottle)  by  tl>^ 
Pettenkofer  method.     Perhaps  the  limits  of  error  of  this  method 
could  include  the  differences  between  Fox's  data  and  mine.    ^^ 
perhaps  the  air  Fox  analyzed  had  not  come  to  equilibrium  wi^ 
the  sea  water.     Fox  discarded  whole  series  of  his  data,  and  tho^ 
remaining  closely  followed  an  empirical  formula.     I  am  not 
tempting  to  overthrow  the  determinations  Fox  made  with 
elaborate  gas  analysis  apparatus  by  means  of  a  micro  methc^ 
designed  for  other  purposes  than  that  for  which  it  was  used, 
can  only  say  that  the  two  sets  of  data  are  for  the  present  unce,:^ 
tain.     It  may  be  significant  that  his  pH  data  are  unreconcilab--^ 
with  mine.     He  determined  these  with  the  hydrogen  electroc^^ 
and  also  calculated  them  from  the  law  of  mass  action  and  foun— ^ 
the  pH  of  sea  water  to  be  about  6,  whereas  I  find  it  to  be  aboi^ 
8.     In  this  my  results  are  in  harmony  with  those  of  Palitzscb'^ 
Henderson  and  Cohn,  and  others. 
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Since  Figs.  3  and  4  may  be  used  as  conversion  tables  provided 
the  two  titrations  are  made  and  the  temperature  and  pH  are 
determined,  it  seems  desirable  that  a  method  be  perfected  for 
determining  the  pH  on  shipboard  or  in  poorly  equipped  labora- 
tories.    The  colorimetric   method   is  the   only  one   adaptable, 
and  phenolphthalein  is  objectionable  because  errors  in  concen- 
tration simulate  changes  in  pH.    The  buffer  mixtures  in  use 
have  a  very  different  salt  concentration  from  sea  water,  and  the 
salt  error  has  to  be  determined  for  every  new  indicator.     For 
these  reasons  it  seemed  desirable  to  use  the  new  indicators  recom- 
mended by  Lubs  and  Clark  with  buffer  mixtures  having  the  same 
salt  concentration  as  sea  water.   Sea  water  varies  in  concentration, 
but  the  range  from  0.4  to  0.6  n  is  perhaps  great  enough  for  all  pur- 
poses.    It  was  also  desirable  to  increase  the  concentration  of  the 
buffers  so  that  they  will  be  less  affected  by  the  solution  of  glass. 
Since  the  solubility  of  buffers  is  reduced  by  the  increase  in  salt 
concentration,  the  latter  was  made  to  correspond  to  0.4  n  sea 
water  and  a  slight  correction  applied  for  0.5  n  sea  water  and  a 
greater  one  for  0.6  n  sea  water.    In  actual  practice  the  correc- 
tion for  0.5  N  sea  water  has  already  been  made  on  the  labels  on 
the  sealed  tubes  of  buffers.    A  correction  of  0.05  pH  is  then 
indicated  for  0.6  n  sea  water  and  a  similar  correction  but  in  the 
reverse  direction  for  0.4  n  sea  water.     The  salt  error  between  the 
buffer  mixtures  and  0.5  n  sea  water  was  redetermined  with  the 
hydrogen  electrode  a  large  number  of  times  at  different  tem- 
peratures  and   for  both   thyinolsulfophthalein   and   o-cresolsul- 
fophthalein,  and  likewise  with  0.6  n  sea  water,  but  I  do  not  be- 
lieve   this   absolutely   necessary.     A   moderate   dilution   of   sea 
water  with  distilled  water  does  not  appreciably  change  the  pH 
if  the  CO2  tension  is  near  that  of  the  atmosphere  and  it  is  not 
agitated  with  or  exposed  to  the  air.     It  is  then  only  necessary 
to  dilute  the  sea  water  to  determine  the  salt  error  with  any  new 
indicator,  taking  the  0.4  n  sea  water  as  the  standard  for  the  calcu- 
lation of  the  correction  in  the  pH  of  0.5  and  0.6  n  sea  water.     The 
salt  error  for  the  above  indicators  holds  for  phenolsulfophthalein 
and  probably  for  all  sulfophthalein  indicators. 

The  buffer  mixtures  are  made  from  two  stock  solutions  *'borie" 
and  "borax^"  kept  in  Squibb's  automatic  burettes  provided  with 
soda-lime  tubes.     The  distilled  water  used  in  making  them  is 
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boiled  15  minutes  to  rid  it  of  CO2  and  cooled  in  a  tightly  stop- 
pered, narrow  necked  flask  or  by  means  of  a  stream  of  COi-free 
air.    The  boric  acid  is  recrystallized  and  dried  in  a  desiccator 
(not  by  heat).    The  borax  is  recrystallized  and  dried  in  dry  air 
short  of  efflorescence.    The  NaCl  should  be  pure,  but  drying  by 
heat  is  unnecessary  because  the  error  due  to  occluded  moisture 
in  the  crystals  is  too  small  to  cause  a  noticeable  difference  in  the 
color  of  the  indicators. 

The  "boric"  contains  18.6  gm.  of  boric  acid  and  22.5  gm.  of 
NaCl  to  the  liter. 

The  "borax"  contains  28.67  gm.  of  borax  and  19  gm.  of  NaCl 
to  the  liter,  and  has  the  same  salt  action  as  the  "boric"  on  the 
indicators.  If  kept  at  a  low  temperature,  borax  crystallizes  out 
and  must  be  made  imiform  in  solution  before  mixtures  are  made. 
The  same  applies  to  the  mixtures.  The  desired  indicator  is 
added  to  the  stock  solutions  to  the  extent  of  10  mg.  to  the  liter, 
or  added  to  the  mixtures  in  the  same  proportion.  In  order  to 
avoid  dilution  of  the  buffers  and  also  to  avoid  the  necessity  of 
weighing  the  indicator  for  each  solution,  it  was  made  up  in  0.1 
per  cent  solution  in  alcohol  redistilled  over  sodium.  Thymol- 
sulfophthalein  requires  the  addition  of  a  little  NaOH  to  get  it 
into  solution  at  this  concentration  and  hence  the  solution  be- 
comes less  sensitive  if  allowed  to  absorb  CO2.  If  0.01  per  cent 
aqueous  solution  of  the  indicator  i&used  for  addition  to  sea  water, 
the  concentration  of  the  sea  water  after  the  addition  is  used  in 
calculating  the  salt  error,  since  this  dilution  of  10  per  cent  corre- 
sponds to  0.025  pH  in  the  salt  error. 

30  cc.  of  each  mixture  containing  the  indicator  were  sealed  up 
(by  fusing  the  glass)  in  a  "Nonsol"  test-tube  of  exactly  24  nun. 
bore  without  introducing  CO2  from  the  blast  lamp.  Since  these 
indicators  are  impure,  it  is  necessary  to  test  each  lot,  both  as  to 
concentration  and  range.  The  concentration  may  be  tested  by 
comparison  with  a  sealed  tube  of  the  original  indicator  in  distilled 
water,  the  concentration  being  the  same  as  in  the  mixtures.  In 
order  to  test  the  range,  it  is  necessary  to  save  samples  of  the  stock 
solutions  without  indicator.  This  may  be  done  by  making  mix- 
tures, one  near  the  middle  or  one  near  each  end  of  the  range  of 
the  indicator  and  sealing  them  in  "Nonsol"  tubes.  ^It  is  then 
only  necessary  to  cut  off  the  tip  of  the  seal  and  introduce  the 
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new  sample  of  indicator  in  order  to  test  it.  The  "boric"  allows 
the  growth  of  mold,  but  the  "borax"  is  antiseptic.  The  tubes 
containing  a  large  proportion  of  "boric"  should  be  steriUzed  by 
immersion  in  water  up  to  the  air  space  and  boiling  the  water. 

To  facilitate  comparison  of  the  tubes,  a  colorimeter  was  made 
by  placing  stereoscope  prisms  together  in  a  sharp  line  and  placing 
two  of  the  tubes  at  such  a  distance  behind  them  that  the  centers 
of  the  images  were  brought  together  in  a  sharp  line.  A  thin 
milk-white  (opal)  glass  was  placed  immediately  behind  the  tubes 
to  disperse  the  direct  sunUght  or  mazda  light  passed  through 
*'daylite"  glass.^ 

The  mixtures  are  given  in  the  table  on  the  following  page. 

The  salt  action  on  the  indicators  is  approximately  directly 
proportional  to  the  salt  concentration  over  the  range  from  O.I  to 
0.6  N,  the  difference  in  salt  error  of  two  sea  waters  being  one-half 
to  three-fifths  the  difference  in  normality,  and  increase  in  salinity 
causing  the  same  color  change  as  increase  in  alkalinity  (increase 
in  pH). 

The  useful  range  of  o-cresolsulfophthalein  is  from  the  first  of 
the  series  to  pH  8.3  and  of  thymolsulfophthalein  from  7.9  to  the 
last  of  the  series.  For  the  surface  water  of  the  open  sea  one 
indicator  is  about  as  good  as  the  other,  except  in  the  tropics, 
where  thymolsulfophthalein  is  the  best.  In  the  study  of  the 
respiration  of  marine  animals  o-cresolsulfophthalein  or  a-naph- 
tholsulfophthalein  should  be  used. 

• 

A  more  or  less  definite  relation  between  the  pH  and  the  solubility  of 
calcium  salts  in  the  sea  water  seems  to  exist.  Dittmar  showed  that  there 
is  less  calcium  in  the  surface  waters  than  in  the  deep  waters  of  the  ocean, 
and  Sdrensen  and  Palitzsch  showed  that  the  pH  is  higher  in  the  surface 
-waters.  It  is  difficult  to  study  this  question  in  vitro,  owing  to  the  relative 
stability  of  the  supersaturated  solutions  of  CaCOa,  and  the  existence  of  it 
in  solid  form  as  aragonite,  calcite,  lublinite,  and  vaterite,  with  different 
solubilities.  Presumably  the  surface  water  over  lime  mud  flats  in  the 
tropics  is  saturated  with  calcite,  or  nearly  so.  If  CaCla  is  added  to  this 
-water,  in  the  form  of  a  concentrated  solution.,  no  precipitate  occurs,  but 
if  the  pH  is  only  slightly  increased,  CaC02  begins  to  deposit  on  the  glass, 
and  it  takes  relatively  little  increase  in  the  pH  to  cause  a   precipitate 


*  The  sealed  tubes  and  colorimeter  may  be  obtained  from  Hynson, 
Westcott  and  Dunning,  Baltimore.  The  tubes  are  labeled  for  0.5  n  sea 
water. 
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"Boric." 

"Bona." 

pH  of  Bea  water. 

l«^ ;_   >i 

tfW\      -   ,         If 

0.4N;alliii- 
dicatora. 

0.5  n;  milfo- 
phthalein. 

0.6N:milfo- 
phthalein. 

Bone. 

Bom. 

.    per  cent 

per  cent 

ce. 

ec. 

79.5 

20.5 

7.60 

7.45 

7.40 

23.90 

6.1 

78 

22 

7.55 

7.50 

7.45 

23.4 

6.6 

76 

24 

7.60 

7.55 

7.50 

22.8 

7.2 

74 

26 

7.65 

7.60 

7.55 

22.2 

7.8 

72 

28 

7.70 

7.65 

7.60 

21.6 

8.4 

70 

30 

7.75 

7.70 

7.66 

21.0 

9.0 

68 

32 

7.80 

7.75 

7.70 

20.4 

9.6 

66 

34 

7.85 

7.80 

7.75 

19.8 

10.2 

64 

36 

7.90 

7.85 

7.80 

19.2 

10.8 

62 

.   38 

7.95 

7.90 

7.85 

18.6 

11.4 

60 

40 

8.00 

7.95 

7.90 

18.0 

12.0 

58 

'42 

8.05 

8.00 

7.95 

17.4 

12.6 

56 

44 

8.10 

8.05 

8.00 

16.8 

13.2 

54 

46 

8.15 

8.10 

8.05 

16.2 

13.8 

52 

48 

8.20 

8.15 

8.10 

15.6 

14.4 

51 

49 

8.22 

8.17 

8.12 

15.3 

14.7 

49.5 

50.5 

8.25 

8.20 

8.15 

14.85 

15.16 

47 

53 

8.30 

8.25 

8.20 

14.10 

15.9 

44  5 

55.5 

8.35 

8.30 

8.25 

13.45 

17.55 

42 

58 

8.40 

8.35 

8.30 

12.60 

17.4 

39.5 

60.5 

8.45 

8.40 

8.35 

•  11.85 

18.15 

37 

63 

•   8.50 

8.45 

8.40 

11.10 

18.9 

34.5 

65.5 

8.55 

8.50 

8.45 

10.35 

19.65 

32 

68 

8.60 

8.55 

8.50 

9.6 

20.4 

29 

71 

8.65 

8.60 

8.65 

8.7 

21.3 

26 

74 

8.70 

8.65 

8.60 

7.8 

22.2 

23 

77 

8.75 

8.70 

8.65 

6.9 

23.1 

20 

80 

8.80 

8.75 

8.70 

6.0 

24.0 

17 

83 

'8.85 

8.80 

8.75 

5.1 

24.9 

14 

86 

8.90 

8.85 

8.80 

4.2 

25.8 

11 

89 

8.95 

8  90 

8.85 

3.3 

26.7 

8 

92 

9.00 

8.95 

8.90 

2.4 

276 

4.5 

95.5 

9.05 

9.00 

8.95 

1.35 

28.65 

1 

99 

9.10 

9.05 

9.00 

3.0 

29.7 

throughout  the  solution.  The  size  of  grain  makes  a  difTerence  in  the  sol- 
ubility of  the  precipitate,  but  if  time  for  equilibrium  is  allowed,  the  smal^ 
grains  will  change  into  less  soluble  crystals.  According  to  Irvine  an( 
Young,  sea  water  will  dissolve  125  parts  per  million  of  crystallized  CaCOi 
Rona  and  Takahashi  determined  the  total  Ca  and  the  pH  in  mixtures  c 
Na  and  Ca  carbonates,  bicarbonates,  and  chlorides,  in  contact  with  pr< 
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Mtated  CaCOi.  The  concentration  of  the  chlorides  varied,  but  the 
Valine  reserve  was  about  160  in  each.  The  following  table  gives  the  pH 
id  the  normality  of  J  Ca. 

3 6.65  6.80        6.89  6.97  7.03 

CaN 0.00985    0.0064    0.00492    0.00455    0.00405 

In  sea  water  the  pH  is  about  8,  the  alkaline  reserve  is  about  25,  and  the 
jrmality  of  J  Ca  about  0.1  The  greater  solubility  of  Ca  in  sea  water 
•twithstanding  the  greater  pH  is  due  to  decreased  concentration  of  total 
)]  and  possibly  to  the  increased  concentration  of  chlorides.  Since  the 
lorides  are  nearly  constant  and  the  alkaline  reserve,  total  COt,  and  Ca 
e  interdependent,  any  change  in  the  pH  must  cause  a  change  in  the 
lubility  of  Ca.  When  the  pH  is  sufficiently  raised,  CaCOi  is  precipitated 
d  the  Ca  content  and  alkaline  reserve  are  lowered.  At  present  the  law 
nuiss  action  cannot  be  applied  to  such  complex  mixtures  containing  diva- 
3t  salts  whose  second  dissociation  constant  is  unknown.  Harkins  and 
»rce  found  that  the  addition  of  a  salt  with  a  common  polyvalent  ion 
ay  increase  rather  than  decrease  the  solubility  of  a  poljrvalent  salt.  It 
possible  that  the  presence  of  CaCU  may  increase  rather  than  decrease 
*  Bolubility  of  CaCO>  in  sea  water.  The  solubility  product  law  as  ap- 
ied  to  univalent  salts  does  not  apply  without  modification  to  polyvalent 
Jts  of  certain  types. 

h  a  previous  paper  (McClendon,  1916,  b)  I  described  an  ex- 
eriment  in  which  the  CO2  tension  of  the  air  was  determined  by 
'^wing  it  through  sea  water  and  then  determining  the  pH  of 
^6  sea  water.  A  considerable  time  was  required  to  reach  equi- 
^rium,  and  therefore  special  precautions  had  to  be  taken  to 
f^vent  contamination  or  evaporation  of  the  sea  water.  In 
*der  to  avoid  these  precautions,  I  have  experimented  with  bi- 
^rbonate  solutions  of  such  low  alkaline  reserve  that  equilibrium 
reached  quickly.  In  the  meantime  Higgins  and  Marriott 
^blished  similat  experiments,  but  their  method  was  not  sensi- 
ve  enough  for  my  purposes.  I  found  that  the  pll  of  a  0.0003  n 
aHCOj  solution  as  measured  colorimetrically  with  phenolsul- 
phthalein  and  Sorensen's  phosphate  mixtures  changed  with 
^  CO2  tensions  as  shown  in  Fig.  3,  for  20°.  The  pH  varied 
!^ctly  with  the  temperature,  1°  corresponding  to  0.01  pH. 
JDce  the  0.0003  n  line  in  Fig.  3  may  be  used  as  a  conversion 
)le  to  find  the  CO2  tension  of  the  air  from  the  pH  and  temper- 
ire.  If  the  temperature  is  19°,  0.01  is  added  to  the  pH  before 
3g  the  conversion  table,  and  if  the  temperature  is  27°,  0.07  is 
tracted  from  the  pH  before  using  the  conversion  table. 
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The  phenolsulfophthalein  was  made  up  in  0.04  per  cent  solu- 
tion in  absolute  alcohol  and  5  cc.  of  it  were  added  to  300  cc.  of 
the  phosphate  solutions.  The  latter,  m/15  solutions  of  KHsPOi 
and  NajHPO*,  were  mixed  in  the  following  proportions: 


t 


pH 

Na«HP04 

KH1PO4 

pH 

Na«HPO« 

KHtPOi 

7.00 

18.2 

11.8 

7.40 

24.2 

5.8 

7.05 

19.0 

11.0 

7.45 

24.7 

5.3 

7.10 

19.8 

10.2 

7.50 

25.2 

•        4.8 

7.15 

20.6 

9.4 

7.55 

25.6 

4.4 

7.20 

21.4 

8.6 

7.60 

26.0 

4.0 

7.25 

22.2 

7.8 

7.65 

26.4 

3.6 

7  30 

23.0 

7.0 

7.70 

26.7 

3.3 

7.35 

23.6 

6.4 

I     I 


These  mixtures  were  sealed  in  "NonsoP*  test-tubes  of  exactly 
24  mm.  bore.  The  apparatus  for  testing  the  air  was  shaped  sim- 
ilar to  a  Dutchman's  pipe.  The  bowl  consisted  of  a  short  piece 
of  "Nonsor'  test-tube  of  exactly  24  mm.  bore,  and  the  stem  of  » 
piece  of  **Nonsol"  tubing  of  about  7  mm.  bore  and  a  meter  long- 
About  10  cc.  of  0.0003  N  NaHCOs  solution,  containing  the  same 
concentration  of  phenolsulfophthalein  as  the  phosphate  mixtures 
contain,  was  placed  in  the  bowl  of  the  pipe  and  suction  applied 
to  the  mouthpiece  by  means  of  the  mouth  of  the  operator,  so 
that  the  air  passed  up  through  the  solution  in  bubbles  in  the 
pipe-stem.  This  process  was  continued  until  no  further  color 
change  occurred  in  the  solution,  which  was  then  allowed  to  ruD 
back  into  the  bowl  and  its  color  compared  with  that  of  the  sealed 
tubes.  A  thermometer,  was  then  placed  in  the  bowl  and  the 
temperature  of  the  solution  determiDed. 

By  making  the  bowl  of  the  pipe  10  mm.  bore,  it  was  found 
possible  to  use  Hynson  and  Westcott  phenolsulfophthalein  tubes 
made  for  determination  of  pH  of  blood  dial3rsate,  but  with  less 
accuracy. 

The  main  difficulty  experienced  has  been  in  keeping  a  0.0003  n 
solution  of  NaHCOa.  A  gold  flask  would  be  too  expensive  and  a 
pure  silver  flask  hard  to  procure.  It  seems  unwise  to  invest  in 
a  gold-plated  flask  without  the  guarantee  that  the  plate  will 
remain  perfect.     Ceresin  bottles  may  be  used,  but  ceresin  and 
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rubber  lacquer  peeled  off.  I  silvered  the  interior  of  a  flask  of 
resistance  glass.  The  silvering  peeled  off  in  the  upper  part  of 
the  neck,  and  was  affected  by  sulfur  from  the  rubber  stopper.  If 
gold  is  burned  on  the  glass  in  a  layer  thick  enough  to  be  opaque^ 
it  peels  off.  If  the  layer  is  thinner,  it  may  stick  for  a  long  time. 
I  gilded  one  resistance  flask  as  follows:  Campana's  bright  Uquid 
gold  was  thinned  with  banana  oil  and  poured  into  the  flask  and 
poured  out,  and  dried  thoroughly  in  an  inverted  position  by 
means  of  a  current  of  air.  It  was  then  heated  in  the  blast  lamp. 
Perhaps  better  results  might  be  obtained  by  substituting  regular 
thinner  made  for  china  painter's  gold,  and  a  china  kiln.  Irving 
Langmuir  has  described^  a  process  of  gilding  by  volatilizing  gold 
on  an  electrically  heated  timgsten  filament  in  high  vacua.  Ceresin 
bottles  do  not  absorb  the  indicator  and  are  perhaps  the  best  for 
holding  the  bicarbonate  solution  colored  with  the  indicator. 
The  indicator  undergoes  some  change  in  absolute  alcohol. 
The  time  required  for  reaching  equiUbrium  is  lessened  if  air 

• 

^  passed  through  the  stock  solution  of  bicarbonate  so  as  to  re- 
niove  some  of  the  CO2.  The  stock  solution  may  be  made  by 
passing  CO2  or  the  breath  through  a  NaOH  or  Na^COs  solution. 
The  more  C0«  the  solution  contains,  the  less  it  attacks  glass, 
^ica,  and  other  flask  materials,  and  rubber  stoppers.  Sulfur- 
f^  rubber  stoppers  are  very  desirable  for  closing  the  flasks.     On 

*  trip  from  San  Francisco  to  Samoa  and  return.  Dr.  A.  G.  Mayer 
found  the  COj  tension  of  air  over  the  Pacific  to  vary  from  about 
^•23  to  0.3  nun.  by  this  method,  whereas  the  variation  of  the 
^Oj  tension  of  the  sea  surface  was  much  greater  and  not  cor- 
■elated  with  that  of  the  air.  This  indicates  that  diffusion  of 
^Oj  between  air  and  sea  is  very  slow. 

When  the  CO2  tension  is  known,  the  per  cent  of  CO2  in  the  air 
lay  be  found  by  multiplying  by  100  and  dividing  by  the  baro- 
etric  pressure  in  mm. 

In  the  determination  of  the  CO2  of  the  air  and  in  other  studies, 
number  of  NaHCOa  solutions  were  investigated,  as  shown  in 
g.  3.  These  were  preliminary  determinations,  and  no  special 
curacy  is  claimed  for  them.  The  chief  source  of  error  prob- 
ly  lies  in  failure  to  reach  equihbrium,  as  shown  by  the  foUow- 

•  Paper  presented  before  the  American  Physical  Society,  1916. 
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ing  example  on  sea  water.  A  rapid  stream  of  COi-free  hydros 
was  passed  through  a  few  cc.  of  sea  water  and  at  the  end  of  2i 
minutes  the  alkali  had  been  reduced  to  carbonate,  but  only 
Bn<all  fraction  to  NaOH,  and  yet  COj  was  being  eontinuousl; 
eliminated  at  the  end  of  the  experiment.  The  experiments  iren 
accurate  enough,  however,  to  indicate,  at  least  within  certain 
limits,  that  at  constant  temperature  the  pH  of  these  solutions 
is  proportional  to  the  logarithm  of  the  alkaline  reserve  aod  iQ- 
versely  proportional  to  the  logarithm  of  the  COi  tension,  II 
the  COi  tenfiion  remains  constant,  a  rise  of  1°  in  temperature 
causes  an  increase  of  0.01  pH,  whereas  if  the  total  COi  content 
remains  constant,  the  pH  is  not  affected  by  temperature.  At 
constant  COj  tension  and  temperature,  as  shown  by  Fox,  th( 
total  C0»  is  directly  proportional  to  the  alkaline  reserve  mtbin  a 
slight  error  equal  to  the  COj  absorbed  by  distilled  water  undei 
the  same  conditions. 

My  experiments  indicate,  at  least  within  certain  limits,  tha' 
the  slope  of  the  curves,  as  in  Fig.  3,  is  the  same  for  sea  water 
blood,  and  other  biological  media  (except  those  exceptionally 
rich  in  phosphates)  as  it  is  for  bicarbonate  solutions.  Neutra 
salts  slightly  decrease  the  hydrolysis  of  bicarbonate  and  decreas 
the  pH.  The  chief  buffer  in  these  media  is  bicarbonate,  ao' 
other  buffers  are  not  present,  even  in  blood,  in  sufficient  conceo 
tration  to  change  the  slope  of  the  curve  greatly,  at  least  in  >* 
upper  regions,  but  the  buffer  action  of  proteins  in  blood  com* 
into  play  when  the  bicod  is  made  strongly  alkaline  by  the  elim: 
nation  of  COs,  the  curve  for  blood  in  Fig.  3  being  slightly  i^ 
correct  in  the  lower  COi  tensions. 

It  would  be  of  interest  in  this  connection  to  know  the  oonceo 
tration  of  bicarbonate  in  normal  blood,  but  the  presence  o 
phosphates  and  organic  matter  makes  titration  very  uncertain 
(The  compensation  dialysis  method  might  yield  somewhat  raon 
accurate  results.)  The  bicarbonate  concentration  of  differeo 
bloods  is  practically  proportional  to  the  total  COi  content  at  th 
same  COi  tension,  and  hence  Van  Slyke's  method  of  determinir 
the  alkaline  reserve  of  plasma  might  be  used  to  determine  tl 
bicarbonate,  provided  the  conversion  factors  from  his  units  to  tl 
titration  units  were  known.  The  bicart<onate  content  of  bio- 
does  not  oftfn  exceed  0.04  n,  as  will  be  shown  in  a  later  papi 
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Since  the  concentration  of  neutral  salts  is  only  about  a  fourth  as 
great  as  in  sea  water,  their  eflfect  in  reducing  the  hydrolysis  is  slight. 
The  bicarbonate  concentration  is  probably  but  little  more  than 
that  of  a  pure  bicarbonate  solution  that  has  the  same  pH  at  the 
same  COi  tension  and  temperature,  and  hence  could  be  estimated 
by  means  of  a  chart  constructed  on  the  same  principles  as  Fig.  3 
but  somewhat  more  accurate  in  this  region. 

The  above  views  seem  to  differ  somewhat  from  those  of  Hen- 
derson and  Cohn  on  sea  water.  Henderson  and  Cohn  found  it 
necessary  to  add  0.0015  m  H3BO3  to  a  liter  of  alkaline  NaCl 
solution  in  order  to  make  it  behave  like  sea  water  in  regard  to  pH. 
My  experiments  were  at  variance  to  this,  but  since  CO2  tension  is 
one  of  the  most  difficult  factors  to  determine  exactly,  other  methods 
seemed  necessary  to  determine  the  concentration  of  non-volatile 
buffers  in  sea  water.  A  serviceable  method  was  found  to  be  the 
titration  of  COr-free  sea  water  with  C02-free  NaOH  in  the  hydro- 
gen electrode.  It  is  difficult  to  maintain  the  sea  water  and  NaOH 
absolutely  CO^-free,  and  the  first  trace  of  CO2  is  inamediately 
titrated  as  non-volatile  buffer.  By  titrating  directly  into  the 
electrode  shown  in  Fig.  5  (after  removal  of  the  trap  at  the  top) 
the  results  could  be  closely  duplicated,  and  are  shown  in  Fig.  6. 
The  titration  must  be  done  rapidly  and  not  carried  beyond 
PH  =  10  owing  to  the  precipitation  of  (carbonates  if  present) 
phosphates  (borates?)  and  finally  hydroxides  of  Ca  and  Mg. 
^  water  has  hardly  more  non-volatile  buffer  than  artificial  sea 
^ater  previously  described  (McClendon,  1916,6).  The  con- 
^ntration  of  non-volatile  buffer  in  Atlantic,  Pacific,  and  Gulf 
Stream  water  is  practically  identical.  On  the  contrary,  the  non- 
volatile buffer  in  the  solution  used  by  Henderson  and  Cohn  is 
ver)'  much  higher  in  concentration.  Boric  acid  was  detected  in 
aD  samples  of  sea  water,  but  it  is  evidently  in  less  concentration 
than  0.0015  m.  The  phosphoric  acid  quantitatively  recovered 
from  sea  water  is  negligible. 

In  attempting  to  confirm  these  findings  by  plotting  the  pH 

against  the  CO2  tension,  as  was  done  by  Henderson  and  Cohn, 

the  first  experiments  were  apparently  vitiated  by  the  presence 

of  some  air  in  the  CO2.     At  any  rate  very  irregular  results  were 

obtained.     In  an  attempt  to  clear  up  the  doubt  aroused  by  these 

results,  a  large  number  of  determinations  were  made  on  a  varied 
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Fig.  5.  Hydrogen  electrode  for  COj-free  titrations,  for  standardising 
buffer  mixtures,  and  determining  the  salt  action  on  indicators  (for  which 
purpose  its  diameter  is  made  the  same  as  the  colorimetric  tubes).  The 
tube  admitting  hydrogen  at  the  bottom  is  ground  to  fit  the  op>cnings  at 
each  end  of  the  electrode,  so  that  the  latter  may  be  inverted  when  it  is 
desired  to  change  the  height  of  the  palladiumized  disk.  In  making  the 
electrometric  titration  the  trap  at  the  top  is  discarded,  and  the  burette 
tip  inserted  in  its  place.  Glass  wool  moistened  with  distilled  water  and 
wrapped  around  the  burette  tip  serves  as  a  trap  to  keep  out  Oi  from  the 
air  above.  The  lower  ground  joint  is  ungreased  because  it  is  immersed 
in  the  KCl  bath  for  electrolytic  connection  with  the  calomel  electrode. 
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Fig.  0.  Electrometric  titration  of  COj-free  sea  water  and  artificial 
sea  waters.  The  pH  is  measured  on  the  abscissse  and  the  number  of  cc.  of 
CX)2-free  NaOH  on  the  ordinates.  The  left  hand  ends  of  all  the  curves 
practically  coincide,  the  right  hand  ends  are  marked  as  follows:  A  =  sea 
water.  B  =  artificial  sea  water  of  formula  given  by  McClendon  (1916,  b). 
C  =  the  same  -f  0.00017  m  H3PO4.  D  =  the  same  +  0.001  m  HjBO,. 
E  =  the  same  -f  0.0015  m  H,B0,. 
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series  of  solutions  of  alkaline  reserve  =  25,  given  in  the  following 
list: 

A.  0.0025  N  NaHCO,. 

B.  0.0025  "         "  +  0.025    N  NaCl. 

C.  0.0025  "         "  +  0.0025  "  CaCl,. 

D.  0.0025  "         "  +  0.025    "      " 

E.  0-0025  "         "  +  0.025     "  MgCl,. 

F.  Artificial  sea  water,  alkaline  reserve  —  25^  (for  formula  see  McClendon, 

1916,  6). 

G.  Artificial  sea  water  +0.0015    m  HsBO*. 
H.         "  "       "       +0.001      "       " 

I.        ^  "  "       "      +  0.0008     "       " 

J.  "  "       "       +  0.00017  "  H,P04. 

Some  of  these  experiments  indicate  that  J  Ca**  reduces  the 
hydroljrsis  of  the  bicarbonate  more  than  Na*  does,  but  this  note 
is  made  merely  as  a  suggestion  for  further  research.  The  experi- 
ments in  general  indicate  that  small  amounts  of  neutral  salts  or 
non-volatile  buffers  have  little  effect  on  the  pH  at  constant  CO2 
tension.  Some  deviations  from  this  rule  were  ascribed  to  im- 
purities in  the  salts.  The  CaCU  used  in  the  last  experiments 
was  dissolved  in  absolute  alcohol  that  had  been  redistilled  over 
sodium,  evaporated,  fused  in  a  platinum  dish,  dissolved  in  dis- 
tilled water,  and  carefully  neutralized. 

Henderson  and  Cohn,  using  the  indicator  method  of  PaUtzSch, 
record  an  effect  of  salinity  on  the  pH  of  sea  water  at  constant  COa 
tension.  It  is  not  clear  whether  they  mean  a  simple  change  in 
the  concentration  of  neutral  salts  or  whether  the  alkaline  reserve 
was  also  changed.  If  the  neutral  salts  alone  were  changed,  the 
change  in  pH  was  in  the  wrong  direction  for  the  effect  of  salts 
on  the  hydrolysis  of  bicarbonate,  but  was  in  the  right  direction 
for  the  salt  effect  on  phthalein  indicators.  According  to  my  ex- 
periments, neither  the  salinity  nor  the  alkaline  reserve  in  sea 
water  of  the  tropical  or  temperate  oceans  change  sufficiently  to 
change  noticeably  the  relation  of  pH  to  CO2  tension,  although 
the  alkaline  reserve  does  change  sufficiently  to  affect  the  total 
COj  greatly. 
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The  object  of  the  present  paper  is  the  comparison  of  the  re- 
sults obtained  by  means  of  the  hydrogen  electrode  and  with  ajveo- 
lar  CQs  appaj-atus  with  those  obtained  by  means  of  the  Van 
Slyke  apparatus  for  total  CO,  in  plasma.  Van  Slyke  has  given 
118  a  factor  for  roughly  finding  the  alveolar  CO2  from  the  plasma 
COiy  but  this  does  not  help  us  interpret  the  determinations  with 
the  hydrogen  electrode,  and  we  hope  that  the  following  tables  may 
elucidate  the  data  on  acidosis  and  give  some  basis  for  analysis 
of  such  investigai|;ions  as  those  of  Peters. 

Since  the  alkaline  reserve  has  been  expressed  in  various  units  in 
papers  by  the  senior  author  it  is  necessary  to  state  that  in  the 
present  paper  we  mean  the  siun  of  the  equivalents  of  strong 
bases  minus  the  siun  of  the  equivalents  of  strong  acid  in  the  serum, 
expressed  as  a  fraction  of  a  normal  solution.  It  is  the  excess 
base  or  titratable  alkalinity,  where  the  precautions  described 
below  are  taken  to  insure  the  correct  end-point  in  the  titration, 
vie,,  the  pH  of  distilled  water  at  the  same  CO2  tension. 

It  appears  to  be  approximately  true  th^t  blood  serum  behaves 
as  a  bicarbonate  solution  made  isotonic  by  the  addition  of  NaCl 
in  regard  to  pH  and  COi  tension  (McClendon,  a,  b).  That  is 
to  say,  the  non-volatile  buffers,  phosphates  and  proteins,  do  not 
have  an  easily  measurable  effect  on  the  pH  at  42  mm.  COj  ten- 
sion. The  concentration  of  diffusible  phosphates  is  about  0.001 
H  in  serum,  and  failure  to  detect  their  effect  on  the  pH  is  due  to 
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their  low  concentration.  The  concentration  of  protein  is  less  in 
serum  than  in  plasma,  but  the  sodium  oxalate  necessary  to  pre- 
vent coagulation  of  plasma  is  reduced  to  alkali  by  ashing  in  the 
compensation  dialysis  method  of  determining  the  alkaline  reserve 
(i,e.,  dialyzing  serum  against  NaHCOg  solutions  made  isotonic 
with  NaCl  and  finding  the  solution  not  changed  by  dialysis). 
Hence  we  confined  our  studies  to  senun,  in  order  to  have  a  uni- 
form material  for  all  experiments. 

EXPERIMENTAL. 

A  modified  Ringer's  fluid  of  the  following  composition  behaves 
as  serum  of  the  same  alkaline  reserve  in  regard  to  pH,  CO2  ten- 
sion, and  total  COj:  0.7  per  cent  NaCl,  0.04  per  cent  KCl,  0.02 
per  cent  CaCU,  0.027  per  cent  MgS04.7HsO,  0.2  per  cent  NaHCOj, 
0.001  M  H3PO4.  We  have  used  this  fluid  in  experiments  on  living 
animals  with  gratifying  results.  It  should  not  remain  open  to 
the  air,  as  it  thus  becomes  too  alkaline. 

Our  first  problem  was  the  determination  of  the  alkaline  reserve 
of  the  serirai  to  be  used  in  further  work.  We  tried  the  compensa- 
tion dialysis  method  of  Michaelis  and  Rona,  and  found  the  alka- 
line reserve  of  ox  senmi  apparently  to  vary  from  0.03  to  0.04 
N,  but  the  osmotic  pressure  of  the  proteins  and  the  varying 
permeability  of  the  collodion  membranes  introduced  errors,  and 
our  results  may  be  too  high.  If  serum  is  titrated  with  acid, 
using  the  hydrogen  electrode  as  indicator,  some  means  must  be 
taken  to  remove  the  CO2  or  keep  its  tension  constant  in  order  to 
determine  the  correct  end-point  in  the  titration.  If  hydrogen  is 
bubbled  through  the  serum  in  an  ordinary  hydrogen  electrode, 
some  sermn  is  carried  away  in  the  foam.  In  order  to  obviate 
this  difficulty,  we  used  the  rotating  hydrogen  electrode  previously 
used  with  bicarbonate  solutions  (McClendon,  6).  Volumetric 
flasks  of  the  same  size  were  filled  with  the  serum  and  a  diflferent 
quantity  of  acid  was  added  to  each  flask.  The  flasks  were  shaken 
and  portions  of  the  serum  transferred  successively  from  each  flask 
to  the  rotating  electrode,  and  a  stream  of  the  gas  was  passed 
through.  The  pH  of  the  serum  from  each  flask  as  well  as  the 
acid  added  was  recorded,  and  these  data  were  used  to  construct  a 
titration  curve  from  which  the  end-point  in  the  titration  could  be 
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determined  with  accuracy  (being  the  pH  of  distilled  water  at  the 
same  CO2  tension).  Owing  to  the  time  required  for  a  single  ti- 
tration, we  made  no  attempt  to  get  the  normal  alkaline  reserve 
of  any  species  of  animal  by  this  means.  The  blood  had  been 
defibrinated  in  open  dishes,  and  COs  allowed  to  escape.  It  is  well 
known  that  the  alkaline  reserve  of  senmi  decreases  when  COs 
escapes  from  the  defibrinated  blood,  due  to  an  ionic  exchange  with 
the  corpuscles.  The  results  reported  apply  to  serum  prepared  as 
described. 

Having  determined  the  alkaline  reserve  of  a  series  of  sera,  we 
added  NaHCOs  or  acid  to  portions  of  serimi  to  increase  the  range 
of  alkaline  reserve. 

The  experiments  were  made  in  a  room  kept  at  20°  by  means 
of  an  electric  apparatus.  On  a  few  days  when  the  outside  tem- 
perature rose  above  20°  the  room  was  cooled  by  means  of  ice 
placed  in  front  of  an  electric  fan.  A  highly  sensitive  galvanometer 
was  used  with  the  potentiometer. 

About  1.5  cc.  of  serum  was  placed  in  the  rotating  electrode,  and 
a  mixture  of  Hs  and  CO2  passed  through  it  from  the  gas  mixer. 
The  stop-cocks  were  closed  and  the  pH  was  determined,  then 
the  serum  was  used  for  the  determination  of  the  total  CO2  in 
the  Van  Slyke  apparatus.  In  order  to  avoid  some  loss  of  COs 
that  always  occurred  when  the  sennn  was  measured  in  a  pipette, 
the  senun  was  allowed  to  run  quickly  into  the  cup  of  the  Van 
Slyke  apparatus  and  a  measured  quantity  allowed  to  nm  down 
into  the  graduated  portion.  The  remainder  of  the  serum  was 
washed  out  of  the  cup  with  distilled  water  and  the  cup  dried  with 
filter  paper.  A  correction  was  applied  for  the  reversal  in  curva- 
ture of  the  meniscus  and  the  volume  of  the  hole  in  the  stop-cock, 
0.6  N  HCl  was  introduced  into  the  apparatus  imtil  the  total  fluid 
was  2.5  cc.  This  concentration  of  HCl  has  about  the  same  ab- 
sorption coefficient  as  serum  for  COs  (0.822  at  20°).  The  deter- 
mination was  th^t  recommended  by  Van  Slyke.  The  COs  pimiped 
out  was  absorbed  by  NaOH  and  the  COs  remaining  in  the  acidi- 
fied serum  was  calculated  in  each  determination,  then  the  total 
CQs  was  reduced  to  0°  and  760  mm. 

The  results  of  the  experiments  are  given  in  Figs.  1  and  2. 
From  Fig.  1  the  pH  may  be  determined  from  the  CO2  tension  and 
alkaline  reserve,  or  the  COs  tension  may  be  determined  from  the 
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pH  and  alkaline  reserve,  or  the  alkaline  reserve  may  be  deter- 
mined from  the  pH  and  COi  tension. 

The  alkaline  reserve  may  be  approximately  determined  from  the 
alveolar  COi  tension  alone,  since  the  pH  of  blood  in  the  arteries 
is  remarkably  constant,  being  about  7,33-7.5  (the  variation  being 
due  largely  to  the  method  of  determination).  If  the  serum  is 
allowed  to  come  to  equilibrium  with  the  alveolar  air  at  20°  the 

pH 
^8,     79    7.8    1.7  76    7.5   74-  73   7.%    ^A     7  . 


1         \10"o       a  5        4        56759  iO 
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pH  is  about  0.15  lower  and  in  our  experiments  was  7.3;  hence  the 
alkaline  reserve  is  represented  by  that  diagonal  passing  through 
the  intersection  of  the  alveolar  COj  abscissa  with  the  pH  7.3  ordi- 
nate. In  other  words  the  alkaline  reserve  is  nearly  half  the  al- 
veolar COj  tension  in  atmospheres,  and  can  be  determined  more 
accurately  than  this  from  Fig.  1.  In  order  to  bring  the  blood  or 
serum  at  20°  to  the  same  pH  as  in  the  arteries,  its  COi  tension 
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must  be  lowered  about  25  per  cent.     If  the  blood  is  drawn  from 
the  artery  directly  into  a  tube  that  may  be  closed  so  as  to  prevent 
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gain  or  loss  of  COj  and  cooled  to  20°,  the  pH  remains  the  same 
but  the  COk  tension  falls  about  25  per  cent.  Fig.  1  would  repre- 
sent the  relations  at  37°  if  the  numbering  of  the  pH  scale  at  the 
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top  were  increased  by  about  0.15,  or  so  that  the  heavy  ordinate 
is  numbered  about  pH  7.45  instead  of  7.3.  That  is  to  say,  the 
numerical  relations  between  alkaline  reserve  and  COs  tension 
remain  the  same,  and  it  seems  unnecessary  to  draw  another  fig- 
ure for  37°.  The  rise  of  0.15  pH  due  to  rise  in  temperature  from 
20"*  to  30°  at  constant  CQs  tension  is  imoertain.  We  obtained 
values  from  0.11  to  0.17  on  serum,  blood,  and  bicarbonate  solu- 
tions. For  a  given  difference  of  temperature  the  rise  is  less  the 
higher  the  initial  temperature. 

Because  war  conditions  have  separated  the  authors  from  each 
other  and  from  some  of  their  notes,  it  is  impossible  to  give  the 
results  in  detail,  but  it  seems  worth  while  to  report  at  present 
the  mean  of  the  results  obtained. 

From  Fig.  2  the  alkaline  reserve  may  be  determined  from  the 
total  COs  at  a  given  CO2  tension  and  temperature,  but  a  slight 
error  in  tension  or  temperature  has  little  effect  on  the  total  COk. 
(The  effect  of  change  in  temperature  was  calculated  from  a  lai^ 
number  of  experiments  on  bicarbonate  solutions.)  The  data  may 
be  condensed  into  the  following  empirical  formulas: 

20'',  42  mm.  CO,  tension,  total  GOt  »  4.5   +  2,180  X  alkaline  reserve. 
20°,    8     "       "  "         "       "    -  0.87  +  1,820  X         "  " 

370    42       a         u  u  a         a     .  g.Q     +  2,156  X  "  ** 

If  arterial  blood  is  drawn  into  a  tube  in  such  a  way  that  the 
serimi  may  be  collected  without  loss  of  CQs,  the  alkaline  reserva 
may  be  calculated  from  the  total  C0|,  by  using  the  formula: 

pH  7.5,  total  GOt  »  2,250  X  alkaline  reserve. 

If  serimi  is  subjected  to  alveolar  C0|  tension  at  20^  the  alkaline 
reserve  may  be  calculated  from  the  formula: 

pH  7.3,  total  GO,  »  2,333  X  alkaline  reserve. 

If  the  COa  is  removed  from  senun  imtil  the  pH  rises  to  8,  the 
alkaline  reserve  may  be  calculated  from  the  formula : 

pH  8,  total  GOt  -  1,850  X  alkaline 
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Since  this  paper  was  written  the  attention  of  the  senior  author  has 
been  called  to  a  paper  by  Hosselbalcb  (Biochem.  Z.,  1916,  Ixxviii,  112). 
flasselbolch's  observation  that  rise  of  temperature  does  not  change  pH  if 
COt  does  not  escape  was  previously  observed  by  McClendon  and  Magoon 
(and  ia  also  true  of  bicarbonate  solutions).  Haseelbalch's  observation 
that  rise  in  temperature  at  constant  CO,  tenaian  increases  the  pR  of  bicar- 
bonate solutions  is  also  true  of  blood.  His  observation  that  corpuscles 
behave  as  buffers  was  previously  published  by  McClendon  and  Magoon 
and  is  eiplained  perhaps  by  the  ionic  exchange  between  corpusclea  and 
plaama.  Obviously  the  pH  of  the  corpuscle  interior  is  not  measured  by 
the  hydrogen  electrode,  but  a  change  in  pH  of  corpuscle  may  cause  a  change 
in  pH  of  plasma  or  serum. 
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Since  the  apparatus  for  very  accurate  determinations  of  the 
COs  in  aqueous  fluids  has  usually  been  quite  complicated  and 
exi>ensive,  the  present  investigation  was  undertaken  to  determine 
the  degree  of  accuracy  that  might  be  attained  with  Van  Slyke's 
simplified  mercury  pump  and  gas  burette,  with  special  reference 
to  sea  water.  With  careful  manipulation,  an  accuracy  of  0.5 
per  cent  was  attained.  In  order  to  accomplish  this,  a  large  num- 
ber of  corrections  had  to  be  applied,  and  since  these  corrections 
vary  so  much  for  different  determinations  that  they  cannot  be 
combined  in  a  table  such  as  Van  Slyke  has  made  for  blood,  an 
example  of  the  results  of  a  determination  with  the  corrections 
applied  is  given  below. 

A  solution  of  double  normal  HCl  and  one  of  half  normal  NaOH 
were  prepared,  to  liberate  and  absorb  the  CO2.  The  elementary 
gases  have  about  the  same  solubilities  in  these  solutions  as  in 
sea  water,  and  the  solutions  were  brought  to  equilibrium  with 
the  elementary  gases  at  the  same  partial  pressures  as  in  sea 
water.  In  this  way,  any  liberation  or  absorption  of  inert  gas, 
due  to  mixing  these  solutions  with  sea  water  in  the  apparatus, 
was  avoided. 

The  stock  form  of  apparatus  from  Emil  Greiner  Company 
was  used|  but  with  a  leveling  bulb  with  perpendicular  sides,  in 
order  to  prevent  an  error  in  reading  the  height  of  the  mercury. 
This  cylindrical  bulb  was  connected  to  the  apparatus  by  means 
of  a  piece  of  vacuum  tubing  of  soft  rubber  and  of  only  1  mm. 
bore,  so  as  to  reduce  its  weight  and  thus  prevent  interference 
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with  vigorous  shaking.  The  bulb  was  attached  by  means  of  a 
swivel  joint  to  a  screw  of  about  4  mm.  pitch  that  was  passed 
through  a  nut  held  in  a  burette  clamp.  By  means  of  the  screw, 
very  accurate  adjustment  of  level  could  be  made. 

The  apparattis  was  cleaned  with  potassium  bichromate  in 
concentrated  sulfuric  acid,  rinsed  with  distilled  water,  and  the 
stop-cocks  were  greased  with  a  preparation  made  by  dissolving 
native  rubber  in  boiling  paraffin  and  adding  vaseliiie  in  order  to 
obtain  the  right  consistency.  The  apparatus  was  filled  with 
mercury  in  the  usual  manner,  to  about  2  mm.  above  the  upper 
stop-cock,  and  evacuated  once  in  order  to  remove  air  bubbles. 
It  was  refilled  with  mercury,  care  being  taken  that  both  capillary 
tubes  above  the  upper  stop-cock  were  filled.  10  cc.  of  sea  water 
were  measured  in  a  pipette  and  introduced  into  the  apparatus 
through  the  cup  on  top.  In  order  to  prevent  error  due  to  a 
drop  of  sea  water  remaining  in  the  cup,  only  1  cc.  was  admitted 
before  the  stop-cock  was  opened,  and  then  the  water  was  allowed 
to  leave  the  cup  as  fast  as  it  entered  it.  When  the  water  level 
sank  to  the  entrance  of  the  capillary  at  the  base  of  the  cup,  1  cc. 
of  double  normal  HCl  was  admitted,  and  the  last  drop  of  sea 
water  washed  into  the  apparatus  with  it.  When  the  acid  level 
sank  to  the  entrance  of  the  capillary,  mercury  was  placed  in  the 
cup  and  allowed  to  pass  into  the  apparatus,  thus  forcing  in  the 
last  drop  of  acid.  Care  was  taken  that  enough  mercury  was 
left  in  the  two  capillaries  above  the  upper  stop-cock  in  order  to 
seal  it.  The  apparatus  was  exhausted  until  the  mercmry  reached 
the  50  cc.  mark,  the  lower  cock  closed,  and  the  apparatus  inverted 
in  order  to  see  whether  the  upper  stop-cock  leaked.  It  was 
then  held  with  the  fingers  far  out  at  the  extreme  ends  of  the 
apparatus,  in  a  horizontal  position  and  shaken  violently  for  2 
minutes  or  given  400  double  vibrations,  in  order  to  bring  the 
water  into  equilibriimi  with  the  reduced  CO2  pressure.  Several 
times  during  this  process  the  residual  mercury  was  allowed 
to  run  into  the  graduated  part  of  the  apparatus  in  order  to 
expel  any  sea  water  that  thus  escaped  the  agitation,  but  the 
time  required  for  this  was  coimted  out  of  the  shaking.  The  ap- 
paratus was  clamped  upright,  the  lower  cock  opened  in  the  usual 
manner,  and  the  water  allowed  to  run  into  the  trap  below.  By 
carefully  adjusting  the  screw,  the  water  level  was  made  to  coin- 
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cide  exactly  "with  the  upper  entrance  of  the  hole  in  the  lower  stop- 
cock stopper,  and  held  there  1  minute  in  order  to  allow  the  appa-* 
ratus  to    drain.     The  stop-cock  was  reversed  and  the  mercury 
allowed  to  rise  "until  it  reached  the  same  level  as  that  in  the  level- 
ing b\ilb  tliat  was  raised  to  meet  it.    The  mercury  was  held  at 
this  level  1  minute  in  order  to  allow  the  water  trapped  between 
the  mercury  and  the  glass  to  rise.    The  volume  of  water  above 
the  mercury  w^as  accurately  observed  and  recorded,  and  the  bulb 
raised    so   as  to  compress  the  gas  by  half  the  volume  of  this 
water.      Tlie  lower  stop-cock  was  now  closed  and  the  apparatus 
held  (the  fingers  being  at  the  extreme  ends)  on  its  side  so  that  the 
sea  w^ater  trapped  below  would  not  pass  the  Y-joint,  and  so  that 
the  gas  and  residual  water  above  the  mercury  would  pass  into 
the  wide  part  of  the  apparatus.    It  was  agitated  1  minute  in 
order  to  bring  the  residual  water  into  equilibrium  with  the  gas. 
The   apparatus  was  clamped  upright,  care  being  taken  to  see 
that  the  mercury  in  the  bulb  was  at  the  same  level  as  that  in  the 
gas  burette,  and  its  level  noted.    The  lower  stop-cock  was  then 
oi>ened.     If  the  mercury  in  the  burette  changes  more  than  0.5 
mm.  the  levels  must  be  adjusted  and  the  shaking  repeated,  but 
this  seldom  happens  provided  there  is  less  than  0.1  cc.  of  water 
above  the  mercury.    The  mercury  levels  are  now  adjusted  with 
the  most  extreme  care,  by  means  of  the  screw.    In  doing  this 
for  the  first  time,  it  is  advisable  to  place  two  specks  of  dust  on 
the  mercury  in  the  leveling  bulb  and  sight  over  both  of  them 
simultaneously,   in   order   to    determine    the   horizontal.    The 
leveling  bulb  is  placed  just  behind  the  burette,  and  the  screw 
adjusted  so  that  the  merciuy  meniscus  in  the  burette  and  the 
two  specks  of  dust  in  the  bulb  are  brought  into  line.    The  volume 
of  the  gas  is  now  accurately  determined  by  reading  the  top  of 
the  water  meniscus,  and  recorded.    0.5  cc.  of  half  normal  NaOH 
is  placed  in  the  cup  and  run  into  the  burette.    As  the  gas  rises 
through  the  NaOH  all  of  the  CO2  is  absorbed,  and  no  shaking  is 
necessary.    The  mercury  level  is  adjusted  as  before,  but  allow- 
^       ance  must  be  made  for  the  hquid  over  it.    The  length  of  this 
-      liquid  is  observed  and  one-tenth  of  it  added  to  the  top  of  the 
i      mercury  meniscus,  in  order  to  determine  an  imaginary  point 
through  which  to  sight  the  two  specks  of  dust  on  the  mercury  in 
the  bulb.     The  volume  of  the  residual  gas  is  recorded  and  the 
barometer  observed  and  corrected. 
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A  large  number  of  determinations  have  been  made,  many  of 
them  with  carefully  predetermined  COs  contents;  one  of  these 
determinations  wiU  show  how  the  corrections  were  applied. 

A  solution  having  the  same  salt  content  as  ocean  water  was 
prepared  in  a  glass-stoppered  volumetric  flask  from  neutral 
salts,  distilled  water  that  had  been  boiled  and  cooled  in  a  stream 
of  COr-free  air,  and  NasCOs  that  had  been  prepared  from 
^'reagent"  NaHCOs  by  heating  in  a  platinum  dish  for  30  min- 
utes, cooling  in  a  desiccator,  and  weighing  with  standard  weights. 
10  cc.  of  this  artificial  sea  water  were  calculated  to  contain 
0.687  cc.  of  COj. 

The  gas  burette  of  the  apparatus  was  caUbrated  with  water 
while  in  the  usual  position,  so  that  no  further  correction  had  to 
be  appUed  to  the  actual  volume  of  the  gas.  The  remaining 
corrections  were  taken  from  the  tables  of  Landolt-Bomstein- 
Roth.  The  temperature  of  the  room  was  kept  within  0.1^  of  20°. 
The  absorption  coeflScient  of  the  sea  water  for  COs  was  taken 
as  0.777,  from  the  work  of  Bohr.^  The  barometer  was  compared 
with  a  standard  barometer,  and  corrected  for  gravity.  Since 
therd  was  2  nun.  capillary  depression  in  the  gas  burette,  this 
amount  was  subtracted  from  the  corrected  barometer  reading,  be- 
fore making  the  calculations. 

The  volume  of  sea  water  above  the  mercury  was  read  at  0.065 
cc,  but  0.014  (the  combined  volumes  of  the  two  menisci)  must 
be  added,  making  0.079.    The  COs  as  gas  was  equal  to  the  total 
gas   (0.778)  minus  the  gas  after  absorption  (0.195)   or  0.583. 
The  partial  pressiu'e  of  CO2  on  the  water  above  the  mercury  was 
0.583  -^  0.778  =  0.7494  (of  an  atmosphere).    The  COx  absorbed 
by  this  water  was  0.7494  X  0.079  X  0.777  =  0.04601.    There- 
fore the  CO2  pumped  out  of  the  water  was  0.04601  +  0.583  = 
0.62901.    Since  this  gas  was  expanded  to  39  cc.  when  the  mer- 
cury was  lowered  to  the  50  cc.  mark,  the  11  cc.  of  water  were 
under  a  partial  pressure  of  0.62901  -5-  39  =  0.01613,  and  con- 
tained 0.01613  X  11  X  0.777  =  0.1378  cc.  of  COj.     Therefore 
the  total  CO2  was  0.62901  +  0.1378  =  0.76681.    The  barometer 
(corrected)  was  742.5  mm.  and  the  log  of  the  correction  for  tem- 
perature and  pressure  is  about  —1+0.947196.    The  log  of  the 
volume  is  about  —1+0.885;  therefore  the  total  CO2  reduced  to 

*  Bohr,  C,  Ann.  Phys.  u.  Chem.,  1899,  Ixviii,  500. 
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O""  and  760  mm.  is  0.6794  or  0.2  per  cent  too  high.  It  should  be 
noted  that  for  great  accuracy,  the  exact  CI  content  or  salinity 
of  the  water  should  be  determined  and  the  absorption  coefficient 
varied  accordingly,  but  for  most  purposes  it  is  sufficient  to  take 
the  salinity  of  ocean  water  as  about  35  per  thousand,  or  CI  content 
as  about  19  gm.  per  liter,  in  which  latter  case  the  absorption 
coefficient  for  CO,  is  0.766  at  20''. 

TABLE  I. 

Correction  to  Be  Added  to  the  Observed  Volume  of  Water  over  the  Mercury, 
on  Account  of  the  Meniecus  Above  and  Below, 

LeDgth  of  tube 

contaimng 

Ice,  mm 50    60    70    80       90        100      110      120      130    140    150 

Correction, cmm..24    17    15    13.5    12.5    11.7    11.0    10.3    9.7    9.2    8.7 


TABLE  II. 

Absorption  Coefficient  of  Sea  Water  for  €0%  when,  the  Temperature  and 
Chlorine  per  Kilo  of  Sea  Water  Are  Known, 

18  gm.  of  CI  per  kilo  =  18.42  gm.  per  liter  at  20**  and  20  gm.  per  kilo 
»  20.5  gm.  per  liter  at  20^  The  absorption  coefficient  is  given  in  cc. 
absorbed  from  one  atmosphere  of  COs  by  1  liter  of  sea  water. 


Temperature,  *€. 


CI  =  18  per  mill 
CI  =  19 
CI  =  20 


« 


« 


« 


« 


20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

772 

750 

730 

718 

688 

667 

652 

638 

624 

610 

767 

745 

725 

714 

684 

663 

648 

634 

620 

606 

761 

740 

720 

710 

680 

659 

644 

630 

616 

602 

30 


596 
592 

588 


Where  sufficient  skill  is  acquired  to  work  rapidly,  the  second  shaking 
and  reading  of  the  volume  of  water  above  the  mercury  may  be  omitted. 
A  rubber  tube  of  larger  bore  is  used  so  that  the  mercury  will  rise  so 
rapidly  that  little  COi  is  absorbed  by  the  moisture  on  the  walls.  The 
first  shaking  is  then  the  only  shaking  necessary  and  it  may  be  done  more 
rapidly  with  the  apparatus  in  the  vertical  position.  The  absorption  of 
CO2  is  delayed  in  hot  weather  by  a  film  of  vaseline  from  the  stop-cock. 
It  is  better  to  grease  the  stop-cocks  with  a  mixture  of  chicle,  soft  par- 
afl5n,  and  as  little  vaseline  as  possible. 
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THE  HTDROGEN  ION  CONCENTRATION  OF  THE 
CONTENTS  OF  THE  SMALL  INTESTINE. 

By  J.  F.  McCLENDON,  A.  SHEDLOV,  and  BEN  KARPMAN. 

(From  the  Physiological  Laboratory  of  the  University  of  Minnesota  Medical 

School,  Minneapolis,) 

(Received  for  publication,  February  19,  1918.) 

Although  the  prevailing  idea  is  that  the  reaction  of  the  small 
intestine  is  alkaline  (Auerbach  and  Pick),  it  was  shown  by  the 
senior  author  that  the  duodenal  content  of  infants  is  distinctly 
acid  (pH  =  3.1),  and  by  McClendon,  Shedlov,  and  Thomson 
that  the  content  of  the  ileimi  of  pups,  whether  fed  on  milk  or 
on  sohd  food,  is  slightly  acid  (pH  =  5.7  to  6.34),  and  that  the 
duodenvun  of  the  adult  dog  has  a  similar  hydrogen  ion  concen- 
tration. In  the  present  paper  we  describe  the  determinations 
showing  that  the  small  intestine  of  the  dog  is  slightly  acid 
throughout  its  entire  length.  • 

Owing  to  the  very  rapid  absorption  from  the  dog's  intestine  it  is 
sometimes  difficult  to  get  fluid  out  of  the  lower  parts  without  the 
administration  of  some  laxative,  and  in  the  following  experiments 
magnesium  sulfate  was  sometimes  given,  as  indicated  in  the  table 
below.  The  dogs  were  fed  on  a  mixed  diet  of  cooked  food,  and  the 
abdominal  cavity  was  opened  under  ether  anesthesia,  and  samples 
of  the  intestinal  contents  were  drawn  directly  into  hydrogen  elec- 
trodes, described  by  McClendon  and  Magoon,  through  punctures 
in  the  intestinal  wall.  The  hydrogen  ion  concentration  was  de- 
termined with  the  aid  of  a  Leeds  and  Northrup  potentiometer  and 
galvanometer.  In  the  following  table  the  dogs  were  numbered 
in  the  order  received  (first  column),  the  number  of  hours  after 
feeding  at  which  the  samples  were  taken  is  indicated  in  the  second 
column,  and  the  pH(=  —logH^)  in  the  third  column.  Under 
"Remarks"  is  given  the  part  of  the  intestine  from  which  the 
sample  was  taken,  and  magnesium  sulfate  is  indicated  in  case  it 
was  administered. 
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Van  Slyke  and  Cullen  have  devised  a  practical  method  for  the 
determination  of  the  bicarbonate  reserve  of  plasma,  based  on 
Van  Slyke's  method  for  determining  total  COj.  The  method 
presented  in  this  paper  also  determines  the  bicarbonate,  but  by 
titration  of  the  alkali  instead  cf  by  the  determination  of  the  COt 
of  the  NaHCO,  molecule. 

At  present  the  most  accurate  method  of  titrating  the  blood 
alkali  against  acid  to  a  definite  end-point  is  afforded  by  the  gas 
chain,  since  the  end-points  of  indicators  are  rendered  indefinite 
by  the  proteins  present.  With  the  electrometric  technique  on« 
may  choose  between  two  modes  of  titration,  (1)  adding  a  definite 
amount  of  acid  and  measuring  the  change  in  pH,  or  (2)  as  in  ordi- 
nary alkalimetry,  adding  as  much  acid  from  a  burette  as  is  neces- 
sary to  obtain  a  definite  pH.  Cullen  (1917)  in  a  recent  paper 
has  used  the  former  method.  The  latter,  however,  has  the  ad- 
vantage that  it  permits  one  to  choose  an  end-point  so  near  the 
pH  of  circulating  blood  that  comparatively  Uttle  of  the  acid  added 
combines  with  proteins  and  phosphates,  so  that  only  the  bicar- 
bonate is  titrated. 

In  this  paper  apparatus  is  described  for  a  convenient  electro- 
metric  titration  by  addition  of  acid  until  a  desired  end-point  is 
reached.  As  end-point  we  have  chosen  the  pH  of  water,  which  is 
7.00  at  23°.  During  the  titration  the  free  carbonic  acid  is  reduced 
to  approximately  zero  by  washing  out  with  hydrogen  gas.  Under 
these  conditions  (pH  =  7,0,  HiCOa  concentration   =   0)  all  the 
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NaHCOs  is  changed  to  NaCl  before  the  end-point  is  permanently 

H.CO, 

attained;  i.e.,  for  pH  =  7  the  ratio  Vt  rxi^i^    must  be  about  j. 
'       '        ^  NaHCOi 

If,  by  washing  out  the  COs  gas,  the  HsCOs  is  reduced  to  an  in- 
finitesimal value,  the  NaHCOs  is  also  reduced  to  approximately 
zero. 

The  effect  of  the  titration  therefore  is  to  add  sufficient  HCl 
to  change  all  the  NaHCOt  into  NaCl.  The  phosphates  of  the 
serum  have  a  negligible  effect  on  the  titration.  They  are  nor- 
mally only  about  Vv  themolecular  concentration  of  the  bicarbonate, 
and  change  of  pH  from  7.4  to  7.0  changes  only  about  one-fifth 
of  the  phosphate  present  from  NaHPOi  to  NaI^P04.  The 
neutralizing  power  exerted  by  the  serum  proteins  for  the  same 
pH  change  is  calculated  by  Henderson  to  be  equal  to  that  of 
about  0.001  N  alkali,  while  the  bicarbonate  is  normally  about 
30  times  as  concentrated.  Since  the  effect  of  the  chief  known 
buffers  of  the  serum  (aside  from  bicarbonate),  vie.,  phosphate 
and  proteins,  on  the  titration  is  calculated  at  only  ^i^  and  i^  re- 
spectively of  the  bicarbonate  effect,  the  assumption  appears 
justified  that  our  titration  measiu*es  the  serum  bicarbonate  with 
a  very  slight  error.  As  a  matter  of  fact,  we  find  that  the  amounts 
of  acid  required  in  our  electrometric  titration  of  normal  human 
serum  are  equivalent  to  an  alkali  concentration  of  0.030  n, 
which  corresponds  almost  exactly  to  the  average  bicarbonate 
concentration  of  normal  plasma  (65  volimie  per  cent  CQi  =  0.029  n) 
found  by  Van  Slyke  and  Cullen  as  a  result  of  direct  gasometric 
determination  of  the  COt  portion  of  the  bicarbonate  molecule. 

In  titrating  plasma,  I  have  used  the  rotating  electrode  (Mc- 
Clendon,  1917,  b)  thus  avoiding  frothing  and  eliminating  the 
necessity  of  pumping,  but  it  was  necessary  to  diseonnect  the 
electrode  every  time  more  acid  wa^  added.  It  seemed  necessa^, 
therefore,  to  devise  an  electrode  into  which  acid  could  be  run  and 
through  which  hydrogen  (or  Hi-COa  mixtiu'e)  could  be  run  with- 
out disconnection  from  the  potentiometer. 

After  some  preliminary  forms  of  electrode  had  been  tried,  the 
rotating  electrode  shown  in  Fig.  1  was  foimd  satisfactory.  The 
electrode  vessel  is  cylindrical  (30  X  36  mm.)  with  an  opening 
10  mm.  in  diameter  in  one  end  and  the  other  end  cemented  to  a 
cork  pulley  with  sealing-wax,  and  the  whole  moimted  in  a  wooden  [  '^  1 
frame  so  as  to  rotate  on  a  horizontal  axis.    Through  the  open  end 
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le  cylinder  is  passed  a  large  glass  tube  that  fits  snugly  in  the 

Inside  the  large  tube,  three  small  glass  tubes  and  a  rubber 

are  passed  and  cemented  in  with  sealing-wax.    The  rubber 


Fig.  1. 


)e  is  1  mni.  bore  and  filled  with  a  saturated  KCl  solution. 
e  inner  end  hangs  down  in  the  cylinder  a^d  is  closed  with  a  bit 
match  that  had  been  boiled  in  saturated  KCl  solution.    The 
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outer  end  dips  into  a  reservoir  of  saturated  KCl  solution  con- 
nected with  the  saturated  KCl-calomel  electrode.  The  electrode 
proper  is  of  gold  coated  with  palladium  black  and  connected  to 
a  platinum  wire  fused  in  one  of  the  glass  tubes.  The  wire  is 
connected  with  the  potentiometer.  Lead  glass  was  not  used  in 
sealing  in  the  platinimi  wire  owing  to  danger  of  reduction  of  lead 
thus  making  the  platinimi  brittle.  The  1  mm.  glass  tube  was 
narrowed  at  one  end  so  that  the  platinum  wire  would  just  go 
through.  After  insertion  of  the  wire,  a  moment's  heating  in  a 
tiny  blast  flame  sealed  it  in  the  end  of  the  glass  tube.  Aboul 
12  mm.  of  the  platinimi  wire  were  allowed  to  protrude  and  i 
gold  bead  was  fused  on  the  end  of  it.  This  was  accomplished  b; 
holding  the  end  of  a  gold  wire  in  a  small  Bunsen  flame  until 
bead  of  the  proper  size  formed,  and  advancing  the  end  of  t\ 
platinum  wire  into  the  flame  until  it  touched  the  gold  bead,  the 
withdrawing  it  quickly.  The  gold  bead  was 'hammered  to  a  di^ 
The  finished  electrode  was  put  in  place  so  that  the  gold  disc  hu^ 
down  in  the  electrode  vessel.  Another  glass  tube,  1  mm.  boi 
was  drawn  to  a  dropping  tip  inside  the  electrode  vessel  and  t 
outer  end  connected  with  a  rubber  tube  of  1  mm.  bore  closed 
a  Langenbeck  clip  and  connected  with  a  1  cc.  pipette  gradual 
in  hundredths  and  filled  with  0.1  n  HCl  or  NaOH  and  used  sa 
micro-burette.  A  glass  tube  of  about  3  mm.  bore  served  for  1 
admission  of  hydrogen. 

In  setting  up  the  apparatus,  the  frame  was  set  in  place  aJ 
weighted  with  lead  so  as  to  remain  in  position.  1  cc.  of  plasm 
was  run  into  the  electrode  vessel  and  it  was  put  in  place  by  inser 
ing  the  axle  of  the  cork  pulley  in  the  vertical  slot  in  the  fram 
made  to  receive  it.  The  cork  pulley  was  connected  by  means  of 
string  belt  to  a  Tiffany  motor.  The  micro-burette  and  connec 
ing  tube  were  filled  with  HCl  and  the  rubber  tube  was  filled  wil 
a  saturated  solution  of  KCl.  The  gold  disc  was  coated  wi 
palladium  black  by  electrolysis  with  a  2  volt  current  and  a  fail 
strong  solution  of  palladium  chloride.  When  this  solution  I 
came  yellow  it  was  evaporated  until  it  appeared  light  brown  ii 
layer  about  2  cm.  thick.  The  electrode  was  sprayed  a  mom( 
with  distilled  water  and  the  10  mm.  glass  tube  containing  1 
four  smaller  tubes  carefully  inserted  through  the  hole  in  1 
wooden  frame  and  the  hole  in  the  electrode  vessel.  The  10  m 
tube  fits  tight  in  the  hole  in  the  frame  and,  owing  to  the  downwi 
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bending  of  the  small  tubes,  cannot  be  shoved  straight  in  but 
must  be  started  at  an  angle,  and  during  the  process  the  disc  must 
not  be  allowed  to  dry  or  to  touch  any  solid  object.  The  speration 
IE  easier  than  it  may  seem.  The  3  mm.  glass  tube  is  connected 
with  a  supply  of  hydrogen  washed  with  HgClj,  alkaline  pyrogallol, 
and  distilled  water,  and  a  vigorous  stream  of  the  gas  passed 
through  the  electrode  vessel.  The  Tiffany  motor  is  started  and 
the  electrode  vessel  rotated  so  as  to  spread  the  plasma  on  its 
walls,  at  the  same  time  leaving  enough  in  the  bottom  to  cover  the 
disc.  If  any  portion  of  the  disc  dries  or  gets  a  clot  on  it,  it  must 
be  cleaned  and  recovered  with  palladium  black.  Readings  are 
taken  with  the  potentiometer  and  acid  is  run  in  while  the  vessel 
rotates.  A  455  ohm  galvanometer  was  used  and  a  balance  with 
the  potentiometer  took  but  a  few  seconds.  The  palladium  black 
waa  removed  each  day  by  inserting  the  disc  for  a  moment  in 
aqua  regis  and  spraying  with  distilled  water,  and  was  then  de- 
posited again.  Since  this  can  be  done  so  quickly  and  without 
disconnecting  the  pipette  or  hydrogen  tube  or  emptying  the 
rubber  tube  of  a  saturated  solution  of  KCI,  I  have  not  attempted 
to  detemiine  the  length  of  life  of  a  coating  of  palladium  black. 
Platmiun  black  has  lasted  longer  in  other  electrodes  but  is  not  so 
easily  removed.  The  gold  disc  may  be  dispensed  with,  but  in 
ofder  to  get  surface  it  is  well  to  use  a  thick  platinum  wire,  and  a 
thick  wire  is  liable  to  cause  the  1  mm.  glass  tube  to  crack.  I 
tned  sealing  a  thick  platinum  wire  into  the  glass  tube  with  paraffin, 
and  found  that  it  worked  for  a  few  determinations.  It  could  be 
wated  with  platinum  black  and  cleaned  by  pulling  it  out  of  the 
paraffin  and  holding  it  in  a  flame.  In  putting  it  back,  if  great 
care  was  not  used  to  see  that  the  paraffin  seal  was  perfect,  mois- 
ture sometimes  got  into  the  glass  tube  and  threw  out  the  readings. 
Some  platinic  chloride  solution  that  had  been  used  for  conductivity 
Jectrodes  and  had  perhaps  been  contaminated  with  heavy 
netals,  when  used  to  platinize  the  hydrogen  electrode,  gave  errone- 
<us  readings. 

The  end-jwint  chosen  for  the  titration  was  the  pH  of  pure  water 
'bich  is  about  7.03  at  20°,  7.00  at  22-23*",  and  6.95  at  25°.  The 
itrations  were  made  at  23°. 

The  time  required  for  a  titration  is  not  prohibitive  for  routine 
ork.  The  collection,  oxalation,  and  centrifugation  of  the  blood 
nder  precautions  to  avoid  the  loss  of  CO*  must  be  done  in  any 
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method.  Measuring  1  cc.  of  the  oxalated  plasma  into  the  electrode 
vessel  and  cleaning  and  recoatiug  the  disc  takes  but  a  few  momentE. 
If  0.4  cc-of  0.1  N  HCI  is  added  at  the  start  the  titration  back  with 
alkali  takes  4  minutes.  If  the  titration  is  made  with  HCl  the 
speed  with  which  the  pH  rises  after  the  addition  of  acid  indicates 
the  amount  of  acid  that  it  lb  safe  to  drop  in  the  next  time.  The 
following  example  shows  the  time  required  for  titration  to  tbe 
nearest  hundredth  of  a  cc.  The  final  two  pH  readings  give  a  pos- 
sible method  for  estimating  to  thousandths  of  a  cc,  but  whether 
such  an  estimation  can  be  duplicated  has  not  been  determined, 
'  In  some  cases  a  weaker  HCI  solution  was  used  to  ensure  more 
accurate  volumetric  measurement.  In  the  following  table,  since 
seconds  are  not  recorded,  in  some  cases,  two  operations  are  placed 
opposite  tbe  same  minute. 


Hour,  pin- 

pH 

Hour.  p.ni. 

Bu.*««^ 

pB 

■        349 

0.1 

3  54 

6.96 

3  50 

750 

3-55 

7.00 

3.50 

0.2 

3.56 

7.02 

3.51 

7,30 

3.56 

0.31 

3.51 

0,3 

3.67 

6.S6 

3.52 

6-50 

4.00 

6,87 

3.53 

6.00 

405 

6.87 

The  titration  in  this  case  took  16  minutes  and  the  alkaline 
reserve  was  found  to  be  between  0.03  and  0.031  n.  It  is  not  al- 
ways possible  to  find  the  end-point  with  only  four  additions  of 
acid,  but  it  is  only  after  the  last  two  burette  readings  that  it  is 
necessary  to  wait  for  the  definitive  pH  to  be  reached.  In  the 
following  titration  six  additions  of  acid  were  required  but  the 
time  spent  was  the  same. 


Hour..,™. 

BuimMi»diiw 

pH 

Hour.  ..m. 

pH 

10  15 

O.I 

10,21 

7.05 

10.16 

7,4 

10,21 

0,32 

10.16 

0.2 

10,22 

6,95 

10.17 

7.30 

10.25 

7,05 

10,17 

0.25 

10,25 

0,33 

10.18 

7.10 

10,26 

6.8S 

10.18 

0.30 

10,30 

fi-85 

10  19 

6,70 
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The  whole  of  15  minutes  need  not  be  spent  in  titration 'OS  it  is 
possible  BO  to  regulate  the  readings  that  practically  all  of  the 
last  10  minutes  may  be  spent  in  doing  other  thii^. 

In  the  above  titrations,  the  pH  of  pure  water  was  taken  arbi- 
trarily as  the  end-point.  This  method  gives  at  least  comparative 
values  and  probably  is  not  far  from  the  true  end-point,  since  it 
should  at  least  determine  the  bicarbonate.  It  is  impossible  to 
titrate  the  phosphates,  as  a  pH  of  about  3  to  4  would  be  neces- 
sary to  decompose  them,  and  at  this  pH  the  proteins  would  bind 
acid.  The  isoelectric  point  of  serum  albumin  is  at  pH  =  4.7, 
and  of  serum  globulin  pH  =  5.4,  and  these  proteins  should  not 
bind  acid  or  alkali  at  their  isoelectric  points.  These  proteins 
may  bind  some  alkali  at  pH  —  7  and  therefore  it  might  seem 
best  to  use  the  mean  of  their  isoelectric  points  as  the  end-point  for 
titration.  It  is  necessary,  however,  to  use  about  a  third  more  acid 
in  order  to  do  this  and  it  seems  improbable  that  the  proteins 
bind  a  fourth  of  the  alkali  at  pH  —  7.  There  may  be  other 
ampholytes  in  the  plasma  with  very  diiferent  isoelectric  points, 
since  the  concentration  of  diffusible  phosphates  is  not  sufficient 
to  account  for  this  large  acid-binding  power.  According  to  a 
rough  calculation,  the  pH  of  distilled  water  under  an  atmosphere 
containing  5  per  cent  CO]  should  be  near  the  isoelectric  points  of 
serum  proteins.  It  would  seem  of  interest,  therefore,  to  compare 
the  titration  of  plasma  under  hydrogen  with  that  under  hydrogen 
containing  5  per  cent  CO*.  Owing  to  the  fact  that  no  tanks  were 
at  baud  and  my  gas  mixer  holds  only  1  liter,  I  was  not  sure  that 
equilibrium  was  reached.  A  sample  of  plasma  was  titrated  while 
Hi  was  passing  and  pH  =  7.00  was  maintained  after  0.33  cc.  of 
acid  had  been  run  in.  By  means  of  a  3-way  cock,  Hj  +  5  per 
cent  COi  was  substituted  and  the  change  in  pH  noted  while  a 
liter  of  the  mixture  passed  through  the  electrode  vessel.  The 
pH  gradually  fell,  finally  reachii^  6.3.  Since  this  is  still  far 
removed  from  the  isoelectric  point  of  the  proteins,  it  seems 
probable  that  so*ne  other  buffer  action  is  present  but  whether  the 
phosphates  could  account  for  this  buffer  action  was  not  determined. 

In  the  electrometric  titration  of  many  solutions  the  end-point 
is  marked  by  a  more  or  less  distinct  angle  in  the  pH  curve  and  it 
was  thought  advisable  to  plot  these  curves  for  plasma.  The 
curves  plotted  by  Cullen  are  almost  straight  lines  and  therefore 
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it  would  be  necessary  to  remove  more  of  the  CO2  than  is  accom- 
plished by  CuUen's  method  in  order  to  show  an  angle  or  an  asymp- 
tote. This  removal  of  CO2  is  rapid  at  first  but  becomes  slower 
and  slower. 

In  the  following  table  the  nimiber  of  minutes  between  dropping 
in  the  acid  and  measuring  the  pH  is  recorded. 


Min. 

pH 

Burette  reading- 

Min. 

pH 

Buntto 

8.30 

00 

0.3 

00 

0.2 

1 

7.20 

1 

6.70 

10 

7.35 

5 

7.00 

15 

7.35 

10 

7.13 

00 

0.4 

15       . 

7.36 

1 

6.00 

20 

7.50 

5 

6.05 

25 

7.65 

10 

6.07 

35 

7.93 

15. 

6.07 

40 

8.02 

The  above  table  merely  shows  that  40  minutes  is  not  enough 
for  the  elimination  of  the  CO2  when  an  appreciable  amount  of  the 
alkali  is  left  in  the  plasma.  The  following  table  shows  a  similar 
experiment. 


Min. 

pH 

Burette  reading. 

Min. 

pH 

Burette 
reading. 

8.04 

10 

7.30 

00 

0.10 

15 

7.31 

1 

7.30 

00 

« 

0.31 

2 

7.65 

1 

6.65 

• 

4 

7.80 

5 

6.73 

5 

7.85 

10 

6.73 

10 

7.90 

00 

0.35 

15 

7.92 

1 

6.15 

20 

7.93 

10 

6.15 

30 

7.94 

00 

0.40 

00 

0.20 

1 

5.45 

1 

7.00 

5 

5.50 

2 

7.45 

00 

0.50 

10 

7.55 

1 

4.75 

20 

7.56 

" 

13 

4.75 

00 

0.25 

00 

0.60 

1 

7.10 

1 

4.40 

3 

7.20 

7 

4.40 
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In  the  above  table  the  rate  of  rise  of  pH  with  washing  but  of 
COj  was  slower  than  in  the  previous  experiment,  probably  due  to 
less  rapid  flow  of  hydrogen.  Somewhere  between  pH  5.4  and 
4.4  the  proteins  coagulated,  presumably  at  the  isoelectric  point. 
This  experiment  shows  the  acid-binding  power  of  the  proteins 
after  their  isoelectric  points  have  been  reached  by  the  slow  change 
in  pH  on  dropping  in  more  acid,  the  last  0.1  cc.  of  acid  changing 
the  pH  only  0.35. 

It  seems  to  be  impracticable  to  determine  the  alkaline  side  of 
the  titration  curve  of  plasma  on  titration  with  acid,  and  a  far 
better  way  is  the  addition  of  an  excess  of  acid  at  first  and  titration 
with  COr-free  NaOH.  In  the  following  experiment,  0.4  cc.  of 
^•1  N  HCl  were  added  to  1  cc.  of  plasma  and  titrated  with  0.1  n 
NaOH.  The  blood  had  been  exposed  to  air  and  hence  the 
alkaline  reserve  of  the  plasma  was  not  normal. 


NaOH 

pH 

NaOH 

pH 

ee. 

cc 

• 

0.00 

5.40 

0.25 

9.02 

0.05 

5.92 

0.30 

9.43 

0.10 

6.57 

0.35 

9.76 

0.125 

7.00 

0.40 

10.02 

0.15 

7.42 

0.45 

10.24 

0.20 

8.32 

0.50 

10.42 

On  plotting  these  data  a  logarithmic  titration  curve  is  pro- 
duced which  shows,  however,  considerable  buffer  effect.  After 
the  alkali  is  dropped  in  and  well  mixed  by  tilting  the  apparatus 
and  by  the  rotation,  a  fall  of  potential  of  less  than  2  millivolts 
is  noted.  This  effect  increases  as  the  alkalinity  increases  and 
may  be  due  to  a  slow  process  of  combination  of  alkali  with 
protein.  No  argument  can  be  deduced  from  this  curve  to  show 
that  some  other  pH  than  7  is  a  more  logical  end-point  for  titra- 
tion. It  may  be  noted  that  when  the  alkali  equivalent  of  the 
acid  is  dropped  in  the  pH  rises  to  10.  Plasma  should  reach  this 
pH  on  driving  out  the  COj  with  hydrogen,  but  it  would  take  a 
long  time  to  accomplish  it. 

On  adding  an  excess  of  acid  to  drive  out  the  CO2  it  is  necessary 
to  allow  the  vessel  to  rotate  and  a  rapid  stream  of  hydrogen  to 
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flow  about  5  minutes  or  more  before  beginning  to  titrate  back 
with  NaOH.  The  following  table  gives  the  minutes  required, 
as  shown  by  the  rise  in  pH  to  an  equilibrium. 


-1^ 

pH 

«i„. 

pH 

1 

4.75 

5 

5.40 

2 

5.15 

6 

5.40 

3 

5.30 

7 

5-40 

4 

5.35 

8 

5.40 

Determinations  may  be  made  on  0.1  to  0.5  cc.  of  plasms  using 
b.Ol  N  HCl  or  NaOH.  If  the  plasma  does  not  cover  the  disc, 
it  must  be  diluted  with  1  per  cent  KCl  solution  until  it  covers 
the  disc. 

No  undoubted  cases  of  acidosis  have  yet  been  studied  although 
I  have  agreed  to  do  so.  Plasma  of  lowered  alkaUne  reserve  was 
obtained  by  allowing  the  COj  to  escape  from  the  blood  before 
centrifugation.  Two  such  experiments  gave  the  alkaline  reserve 
to  equal  0.017  and  0.02  n  respectively,  but  the  alkaline  reserve 
before  exposure  to  air  was  not  determined.  As  may  be  seen  in 
the  above  pages,  the  normal  seems  to  be  about  0.03  if  pH  =  7 
is  taken  as  the  end-point.  I  do  not,  however,  know  the  average 
normal  and  merely  suppose  certain  samples  to  be  normal  since 
they  were  taken  from  patients  without  symptoms  of  acidosis. 
Van  Slyke  and  CuUen  give  the  average  normal  chemically  bound 
COi  as  65  volume  per  cent,  which  I  interpret  as  0.029  n  {since 
22.4  liters  of  COi  dissolved  in  1  liter  of  I  n  NaOH  would  make  a 
1  N  solution  of  NaHCOj)- 

It  was  found  that  plasma  kept  for  hours  at  room  temperature 
and  then  placed  in  the  refrigerator  over  night  presented  no 
difficulties  the  next  day.  Plasma  kept  36  hours  at  room  tempera- 
ture poisoned  the  hydrogen  electrode  so  that  no  readings  could  be 
made.  No  HjS  was  detected  in  this  plasma,  and  the  substance 
affecting  the  electrode  was  not  determined.  • 

My  thanks  are  due  to  members  of  the  staff  of  the  University 
Hospital  for  drawing  samples  of  blood. 


J.  F.  McClendon 
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The  Effect  of  Anesthetics  on  Basal  Metabolism,  by  J,  Ff^  McClendon. 

Owing  to  the  difficulties  in  keeping  metabolism  down  to  the  basal  level  in 
liigher  animals,  comparative  studies  in  metabolism  upon  forms  in  which  tliis 
can  be  done  are  desirable.  In  choosing  an  animal  for  such  investigations,  tlie 
jellyfish  Cassiopea  xamachana  was  decided  on,  since  the  automatic  activity 
of  the  nervous  system  may  be  abolished  by  cutting  off  the  margin  of  the  bell 


In  determining  the  rate  of  metabolism,  4  jelly-fish  of  large  size  (up  to  15  cm. 
diameter)  were  deprived  of  manubrium  and  bell-margin  and  placed  in  sea- 
water  in  an  air-tight  jar  of  about  a  liter  capacity  and  rotated  in  a  thermostat 
at  30°  for  1  hour.     The  oxygen  used  was  determined  by  the  Winkler  method 
and  the  CO2  given  out  was  calculated  from  the  alkaline  reserve  and  changes 
in  the  hydrogen-ion  concentration  (expressed  as  Ph).     It  was  found  that  the 
neuro-muscular  system  in  the  bell  was  anesthetized  with  0.5  per  cent  ether  in 
.sea-water,  whereas  the  jelly-fish  died  at  the  end  of  1  hour  in  3  per  cent  ethei- 
nnd  in  less  than  an  hour  in  4  per  cent  ether.     The  respiratory  quotient  wa.s 
found  to  be  about  0.95,  and  since  the  CO2  determinations  were  less  accurate 
than  those  for  oxygen,  only  the  latter  are  given  in  the  following  U\h\o.     The 
jelly-fish  wore  tested  1  hour  without  anesthetic  as  a  control. 


Ether. 

With 
anesthetic. 

C^ontrol. 

i) .  .5  p.  ct. . . 

1  p.  ct. .  . 

Do 

Do 

2  p.  ct. .  . 

3  p.  ct. .  . 

4  p.  ct. .  . 

2.36  c.c.  O2 
2.4 

1.8 
2.7 
2.2 
1.2 
1.2 

2.4  c.c.  ()... 

2.4 

1.8 

2.00 

2.1 

1.2 

2.05 

It  may  l)e  seen  from  the  above  table  that,  within  the  limits  of  error  of  the 
method,  the  oxygen  consumption  was  the  same  with  or  without  ether  up  to 
4  per  cent  ether,  in  which  case  death  occurred  before  the  end  of  the  ex|>eriment. 
Whether  this  is  general  for  all  anesthetics  could  not  be  determined,  owing  to 
limited  time  and  the  fact  that  some  anesthetics  interfere  with  the  Winkler 
method.  Carbon  dioxid  is  sometimes  considered  an  anesthetic,  and  the 
following  experiments  were  made  by  adding  it  to  sea- water  and  then  esti- 
mating the  total  CO2  content  from  the  alkaline  reserve  (0.025  N)  and  the  Vn 
(mean  l)otween  Ph  at  beginning  and  end  of  exix»riment). 
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From  the  above  table  it  may  be  seen  that  the  metabolism  is  pn^pessively 
lowered  with  the  addition  of  COj  to  the  sea-water.  The  question  arises 
wh<»th(M-  the  C'(>2  found  as  biearbonates  and  carbonates  is  effective.     In  order 


Contml  (Ph  =S  15). 

+  CO;. 

2  OS  c.r.  O2 

2  02 

2.0 

1.7 

17 

2       r.c.  C>j.Ph=«.C 
l.S.%                     6.3 
1.0                       5,8 
0.4                       5.5 
0.7                       5  7 

to  study   this,  another  serias  of  experiments  was  made  by  adding  HCl  to 
decJomfK>so  thos<»  salts,  but  without  addition  of  COj  gas  to  the  sea-water,  as 

follows: 


f'ontn*!. 

-|-H('I. 

2  07  Of.  0., 

1 .  So 

2.02  or.  O;,  Ph-0.6 

1.3  5. Ho 

It  may  Ix*  sch'H  from  the  alwve  table  that  CO2  lil)erated  from  the  salts  of 
s(\a-water  lowers  the  metalx)lism.  In  order  to  test  whether  the  hydrogen-ions 
di^rivcd  from  hydrolysis  of  CO2  had  the  depressant  eflfect,  sea-water  was  de- 
f)rived  of  C'O^  after  exactly  noutraliaing  the  alkalixie  reserve  with  HCl  ami 
then  acidified  with  a  few  drops  of  phosphoric  acid.  In  the  control  the  jelly- 
fisli  us«h1  2.9  c.c.  Oj,  and  in  the  COs-free  sea-water  of  Ph  =  5.9  they  used  2.7, 
which  ditTerencc  is  within  the  limit  of  error.  We  may  therefoi*e  conclude 
that  the  Ph  is  not  the  controlling  factor,  but  that  CO2  lowers  the  metabolism. 


■_■■*      •^'M.J—^X^ 


/       r 


EFFECT  OF  DIET  ON  THE  ALKALINE  RESERVE 

OF  THE  BLOOD 


BY 


J  F4  McCLENDON,  L.  von  MEYSENBUG,  O.  J.  ENGSTRAND,  and 

FRANCES  KING 


(Fbom  the 


Phtsiological  Laboratobt,  University  of  Minnesota 
Medical  School,  Minneapolis) 


RSPBIMTKD 


JOURNAL  OF  BIOLOGICAL  CHEMISTRY 
Vol.  XXXVIII,  No.  3,  July,  1919 


RcpriDied  from  The  Jocbnal  or  Biolooicai.  Chehibtbt,  Vol.  XXXVIH,  No.  S.  lttl> 
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The  beneficial  effects  of  fruits  and  vegetables  in  the  diet  have 
been  recognized  for  a  long  time.  Their  virtue  was  at  one  time 
attributed  to  their  alkaline  ash  by  Henry  C.  Sherman  and  others. 
Blatherwick'  has  shown  that  plums,  prunes,  and  cranberries  leave 
acid  residues  in  the  body  due  to  the  fact  that  they  contain  benzoic 
acid  which  is  not  oxidized.  It  is  true,  however,  that  many  fruits  and 
v^etables  decrease  the  acidity  of  the  urinej  but  it  has  not  been 
proven  that  the  total  advantage  of  them  in  the  diet  is  due  to  this 
cause.  In  fact  the  more  we  learn  about  vitamines,  the  more  their 
importance  rises  and  at  the  same  time  the  importance  of  ash  con- 
stituents of  food  falls. 

Our  interest  in  this  subject  arose  from  the  fact  that  the  Division 
of  Food  and  Nutrition  of  the  Army  paid  considerable  attention  to 
the  acid-base  balance  of  diets  and  it  seemed  worth  while  to  show 
whether  or  not  it  was  of  importance  in  maintaining  the  alkaline 
reserve  of  blood.  By  alkaline  reserve  we  mean  the  bicarbonate 
concentration  of  the  plasma  on  the  basis  of  a  normal  solution  of 
sodium  bicarbonate. 

The  blood  was  drawn  directly  from  a  vein  or  artery  into  a  tube  in 
which  enough  dry  potassium  oxalate  had  been  placed  to  make  1 
mg.  per  cc.  of  blood.  This  was  done  by  measuring  the  required 
quantity  of  25  per  cent  potassium  oxalate  solution  into  the  tube 
and  evaporating  it  to  dryness.  In  the  case  of  rabbit's  blood  the 
quantity  was  doubled.  The  blood  was  drawn  and  centrifuged  with 
practically  no  exposure  to  air  or  other  gas.  1  cc.  of  plasma  was 
placed  in  a  rotating  hydrogen  electrode  and  titrated  with  0,1  N 
HCI  under  a  stream  of  hydrogen  to  neutrality  (pH  =  7). 


'  Blatherwick,  N.  R.,  Arch.  hil.  Med,,  1914,  x 
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The  titration  electrode  was  an  improvement  on  the  one  pre- 
viously described.*  It  is  shown  in  Fig.  1.  The  electrode  vessel 
was  made  of  a  50  cc.  volumetric  flask  with  the  neck  cut  off  and 
the  base  cemented  to  a  cork  pulley-wheel  with  sealing  wax.  It 
was  supported  on  a  frame  so  that  the  open  end  would  fit  over 
a  short  piece  of  tubing  attached  in  the  frame  and  the  base  was 
supported  by  the  axle  of  the  pulley.  One  end  of  the  frame  sup- 
ported a  rod  holding  a  micro-burette.  After  the  plasma  was 
placed  in  the  vessel  and  the  latter  adjusted  in  the  frame,  a  plug 
was  carefully  introduced  through  the  short  section  of  tubing  into 
the  electrode  vessel.  This  plug  was  made  of  a  short  piece  of  rub- 
ber tubing  through  which  passed  a  bundle  of  tubes  the  whole  plug 
being  made  coherent  by  means  of  sealing  wax.  The  bimdle  of 
tubes  consisted  of  (1)  a  glass  tube  admitting  a  constant  stream  of 
hydrogen,  (2)  the  tip  of  the  burette,  (3)  a  minute  rubber  tube  filled 
with  a  saturated  solution  of  KCl  and  closed  at  the  inner  end  with 
a  bit  of  match  stick,  and  (4)  a  glass  tube  containing  a  platinum 
wire.  The  glass  was  fused  aroimd  the  platimun  wire  at  the  inner 
end  and  the  outer  end  of  the  wire  ended  in  a  loop  to  be  connected 
with  the  potentiometer.  The  inner  end  of  the  platiniun  wire  had 
been  dipped  in  melted  gold,  and  before  each  titration  it  was  cleaned 
by  heating  in  a  flame  and  plated  with  iridium  by  electrolyzii^  a 
strong  solution  (about  50  per  cent)  of  iridium  chloride  with  a  2 
volt  current  for  a  few  seconds,  using  another  platinum  wire  as 
anode. 

Since  an  inexhaustible  supply  of  pure  hydrogen  is  necessary  for 
the  continued  success  of  the  method,  all  previous  soiurces  of  hydro- 
gen were  discarded  and  the  hydrogen  generator  shown  in  Kg. 
2  ,was  constructed.  Fig.  2  is  somewhat  schematic  and  shows  only 
one  of  the  battery  of  two  electrolytic  cells.  Each  cell  was  made 
of  a  beaker  into  which  was  inverted  a  funnel  raised  from  the  bottom 
by  means  of  a  piece  of  glass  rod.  Two  rings  of  No.  10  nickd 
wire  were  made  a  trifle  smaller  than  the  large  opening  of  the  funnel 
and  placed,  one  inside  and  one  outside  the  lip  of  the  funnel  and 
were  continuous  with  two  upright  pieces  of  the  same  wire  project- 
ing out  of  the  cell.  A  mixture  of  30  gm.  of  KOH  and  100  cc.  of 
H2O  was  poiired  into  the  cell  until  the  nickel  rings  were  covered. 

*  McClendon,  J.  F.,  J,  Biol.  Chem.,  1918,  xxxiii,  19. 
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The  electric  current  passed  from  one  nickel  rii%  around  the  lip  of 
the  funnel  to  the  other  ring  with  minimal  heating  of  the  elec- 
trolyte. Hydrogen  was  generated  inside  the  funnel  and  passed  up 
the  stem  and  into  a  thick-walled  rubber  tube.    The  nickel  wire 


connected  with  the  inner  ring  was  sharpened  and  stuck  through 
the  rublx'r  tube  so  as  to  connect  with  the  source  of  current.  The 
above  description  completes  the  essential  parts  of  the  generator 
and  the  additions  were  merely  for  regulating  the  current  and  pres- 
sure and  removing  the  oxygen. 
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■esaure  was  regulated  by  retarding  the  escape  of  oxygen 
was  done  by  closiDg  the  beaker  with  a  sheet  of  metal 
vith  a  thick  layer  of  sealing  wax.  This  cover  was  pierced 
openings,  one  for  the  funnel  stem,  one  for  the  outer 
re,  and  one  for  a  tube  leading  the  oxygen  to  a  trap  filled 
er  to  r^ulate  the  pressure. 

drogen  passed  from  the  cell  to  a  U-tube  filled  with  CaCli 
)n  and  then  to  another  U-tube,  each  arm  of  which  con- 
red-hot  platinum  wire  0.03  mm.  in  diameter  to  bum  up 
;n.  If  the  gas  is  dried  before  reaching  the  hot  wire,  the 
med  by  combustion  will  not  condense  in  the  U-tube  even 
;  is  immersed  in  cold  water  to  keep  it  cool  (ae  we  do  it). 
is  finally  passed  through  a  wash  bottle  filled  with  1  per 
^\  to  moisten  it,  and  a  spiral  copper  tube  to  bring  it  to 
erature  of  the  room  and  then  into  the  electrode, 
urce  of  current  was  110  volt  direct  current  and  the  two 
^  connected  in  series.  The  apparatus  was  connected  to 
current  by  means  of  30  feet  of  No.  16  nichrome  wire 
free  in  the  air.  Part  of  the  current  which  passed  the  cells 
shunted  of!  and  used  to  heat  the  platinum  wires.  The 
:  of  the  6  inches  of  platinum  wire  was  not  enough  so  it  was 
by  means  of  28  inches  of  No.  34  nichrome  wire.  When 
nt  was  turned  off  from  the  cells  the  platinum  wires  could 
tated.  On  first  starting  the  apparatus  with  air  in  the  U- 
explosioii  would  occur  that  would  break  the  fine  platinum 
in  order  to  avoid  this,  a  switch  was  placed  in  the  shunt  so 
air  could  be  washed  out  with  hydrogen  before  the  plati- 
«  were  heated.  20  amperes  of  current  passed  through 
and  about  5  cc.  of  Ht  per  second  were  produced, 
ndling  of  the  fine  platinum  wire  requires  some  care.  Two 
»  were  passed  through  each  rubber  stopper  of  the  U-tube 
!s  of  larger  platinum  wire  fused  in  their  lower  ends.  A 
1  bead  was  fused  on  the  end  of  each  wire  by  touching  it  in 
rith  a  gold  wire.  The  0.03  mm.  platinum  wire  was  laid 
e  gold  bead  and  caused  to  adhere  by  reheating  It  for  an 
he  process  repeated  for  the  other  gold  bead,  and  then  the 
the  fine  platinum  wire  was  cut  off.  The  glass  tubes  were 
h  mercury  and  copper  wires  carrying  the  current  dipped 
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In  making  the  titrations,  if  enough  plasma  was  available  for 
triplicate  determinations,  the  first  titration  was  done  roughly  and 
usually  overran  the  point  of  neutrality.  The  amount  overrun  was 
calculated  from  the  titration  curve,  Fig,  3,  and  a  second  titration 
made  by  dropping  in  all  the  acid  at  once.  Then  a  third  titration 
duplicated  the  second.  Although  the  titration  cur\-e  in  Fig.  3  is  . 
from  one  plasma  only  and  may  differ  somewhat  from  other  plas- 
mas, it  is  very  useful  when  applied  in  this  way. 

pH 


5 

6 

7 

s 

9 

10 

0.01 
0.00 
0.01 

N 

\ 

^ 

\ 

o.un 

0.03 

\ 

I 

\ 

Data  on  the  acidity  or  alkalinity  of  the  ash  of  foods  were  taken 
from  Sheiman.'  Protein  foods  leave  an  acid  ash  due  to  oxidation 
of  sulfur  and  phosphorus  and  hence  meat,  eggs,  and  all  foods  made 
of  cereals  are  called  "acid-forming."  Ail  vegetable  foods  except 
cereals  contain  salts  of  organic  acids  and  mineral  bases  that  yield 
alkaline  ashes  in  excess  of  the  acids  from  the  proteins  of  the  same 
'  Sherman,  H.  C,  Food  products.  New  York,  1815. 
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fwids.   Butter  and  sugar  are  practically  neutral  and  milk  slightly 
'^>«e-forming," 

T^e  following  determinations  were  made  on  a  man  of  75  kilos 

*^'  U.}.    L,  M.  was  placed  on  an  acid-forming  diet  for  3  days, 

'oeo  a  mixed  diet  for  3  days,  and  then  a  base-forming  diet  for  3 

I    "Sjs.    Table  I  gives  the  results  of  the  determinations.     The  other 

I    'tata  besides  the  alkaline  reserve  are  included  as  they  might  be 

f   toought  to  indicate  something  in  regard  to  the  food  intake  and 

§   lletabolism,  but  except  for  the  total  acidity  of  the  urine  they  were 

m    'tot  planned  for  this  paper.     The  collection  of  urine  was  com- 

M    Oteoced  about  6  hours  after  the  first  meal  and  when  blood  was 

M      di^wa  on  a  certain  24  hour  period,  it  was  drawn  at  the  end  of  the 

M     period.     The  alkaline  reserve  was  0.0335  before  beginning  the 

■        experiment. 


M  hour  urina. 

Blood  umple. 

v.l™.. 

■eidity. 

ToUlN. 

Alkaline 

Amino  N  per  100  «. 

May    8 

9 
'•       10 
"       15 
"       16 
"       17 

1,112 
1,200 
925 
1,125 
1,360 
1,375 

436 
407 
417 
163 
241 
352 

tm. 

15,4 
14.9 
12,3 
7.3 

8.8 
9.7 

0.0335 
0.0355 

0,0335 

- 

1  Acid-formiDg 

4.3       ■""■ 

Base-forming 

i.e)     "»'■ 

It  may  be  seen  from  Table  I  that  the  alkaline  reserve  was 
not  changed  by  the  acid-forming  diet  from  the  normal  value  for 
this  individual  (0.0335  n).  After  24  hours  of  base-forming  diet 
the  alkaline  reserve  increased  possibly  a  little  more  than  the  limits 
of  error  of  the  method  and  then  went  back  to  normal  at  the  end  of 

3  days  on  the  base-forming  diet.    This  may  have  been  due  to 

ammonia  formation. 

Haaselbalch*  made  some  determinations  on  the  COj  tension  of 

the  alveolar  air  on  acid-forming  and  base-forming  diets  and  found 

small  differences  which  if  they  exceed  the  limits  of  error  indicate 


*  Haaselbalch,  K.  A,,  Biochem.  Z.,  1912,  xlvi,  4( 
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that  the  alkalme  reserve  may  be  0.003  n  greater  on  a  base-form- 
ing than  on  an  acid-forming  diet  or  during  fasting.  Similar 
determinations  by  Blatherwick*  show  differences  of  0.002  n. 
The  method  of  reduction  of  COj  tensions  to  alkaline  reserve 
values  has  already  been  described.* 

Van  Slyke,  Cullen,  and  Stillman^  found  that  the  alkaline  reserve 
of  the  blood  rises  during  gastric  digestion,  due  to  the  secretion  of 
HCl  from  the  blood  to  the  stomach.  We  drew  blood  at  the  same 
stage  of  gastric  digestion  (about  half  hour  after  luncheon)  in  each 
case  in  the  hope  of  avoiding  error  due  to  complication  from  this 
source. 

In  order  to  use  a  more  easily  controlled  diet,  experiments  were 
made  on  dogs.  Blood  was  taken  from  the  carotid  arteries  of  four 
dogs  and  titrated.    The  results  are  given  in  Table  II. 

The  fifth  dog  was  placed  in  a  cage  March  4  and  fed  on  350  gm. 
of  raw  lean  beef  per  day  for  2  months  and  blood  drawn  from  an  ear 
vein  at  intervals  and  from  the  carotid  at  the  end  of  the  experiment. 
The  blood  drawn  on  normal  diet  and  some  specimens  taken  later 
were  discarded  due  to  clotting  or  getting  air  in  the  tube,  but 
samples  were  correctly  drawn  on  March  13  and  May  4  and  titrated 
0.029  and  0.03  respectively.  Since  this  is  the  average  for  the  four 
normal  dogs  within  the  errors  of  the  different  methods  of  taking 
blood,  we  conclude  that  it  is  impossible  to  lower  the  bicarbonate 
concentration  or  alkaline  reserve  of  dog's  blood  by  a  highly  acid- 
forming  diet  for  2  months. 

It  was  thought  that  rabbits  might  be  more  susceptible  to  changes 
in  diet  since  Scott*  had  shown  that  the  alveolar  COj  of  rabbits 
varied  from  4.57  to  6.3  per  cent  of  an  atmosphere.  Hasselbalch' 
gives  the  pH  of  rabbit's  blood  as  7.33  or  very  nearly  what  he  got 
for  man  with  his  early  technique,  and,  assuming  it  is  the  same  as 
man,  the  above  alveolar  CO2  values  would  place  the  alkaline 

*  Blatherwick,  N.  R.,  Arch.  Int.  Med.,  1914,  xiv,  445. 

*  McClendon,  J.  F.,  Shedlov,  A.,  and  Thomson,  W.,  J.  Biol.  Chem.,  1917, 
xxxi,  519. 

'  Van  Slyke,  D.  D.,  Cullen,  G.  E.,  and  Stillman,  E.,  Proc.  Soc,  Exp. 
Biol,  and  Med.,  1915,  xii,  184. 

«  Scott,  F.  H.,  /.  Physiol,  1908,  xxxvii,  316. 

» Hasselbalch,  K.  A.,  and  Lundsgaard,  C,  Skand.  Arch.  Physiol.,  1912, 
xxvii,  31. 


.  ^  m..  1.    ^KM 


AlcClendon,  von  Meysenbug,  Engstrand,  King    547 

reserve  at  0.024  to  0.032  n.  Kurijama*^  found  that  food  changed 
the  alkaline  reserve  of  rabbit's  blood.  His  figures  in  our  units 
would  be  0.026  n  on  base-forming  diet  and  0.021  on  acid-forming 
diet.  His  results  are  complicated,  however,  by  the  fact  that  he 
used  oats  for  the  latter  diet  and  oats  contain  no  antiscorbutic 
substance  and  scurvy  has  })een  considered  to  be  associated  with 
acidosis.  We  wished  to  avoid  this  by  adding  fresh  sprouted  barley 
to  the  oat  diet,  as  sprouted  barley  cures  scurvy  in  guinea  pigs. 
The  rabbits  were  bled  from  the  carotid  artery  under  ether.  The 
results  are  shown  in  Table  III. 

« 

TABLE  II. 


Dog  No. 


1 
2 
3 
4 


Alkaline  reserve. 


N 

0.03 
0.025 
0.03 
0.03 


TABLE  III. 


Rabbit 
No. 


1 

2 
3 
4 
5 
6 
7 


Oats  and  sprouting  barley. . . 
«  It  «  « 

tt  li  tt  « 

Fasted  (water) 

Carrots  and  hay 

"  (insufficient  number) 
**         and  cabbage 


Alkaline  reserve. 


N 


0.0145 

0.0175 

0.007  , 

0.0155 

0.023 

0.013 

0.021 


Acid-forming  diet. 


I 


Base-forming  diet. 


These  rabbits  were  kept  on  the  diet  1  week  except  Nos.  1  and  5 
which  received  the  diet  9  days  and  No.  4  which  received  water 
but  no  food  for  6  days.  The  results  are  not  harmonious  and  the 
variation  may  be  due  to  the  different  amounts  of  antiscorbutic 
substances  the  rabbits  received  in  the  period  previous  to  the  ex- 
periment as  well  as  during  the  experiment  and  to  partial  starva- 
tion- i.e.,  insufficient  quantity  of  food  at  certain  intervals.   Thus 

10  Kurijama,  S.,  J.  BioL  Chem,,  1918,  xxxiii,  215. 
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No.  4  which  fasted  showed  as  low  an  alkaline  reserve  as  those  on 
acid-forming  diet  and  this  is  in  harmony  with  the  view  that  fast- 
ing induces  acidosis  or  that  the  rabbit  was  living  on  its  muscle 
tissue  (as  well  as  fat).  It  is  evident,  however,  that  the  alkaline 
reserve  is  influencet^  by  diet. 


CONCLUSIONS. 

The  alkaline  reserve  of  man  and  dog  is  remarkably  resist-ant  to 
influence  of  diet,  whereas  the  rabbit  is  susceptible  to  the  eflfects 
of  diet^nd  fasting.  There  is  no  foundation  for  the  view  that  the 
alkaline  reserve  of  man  is  endangered  by  acid-forming  diets  but 
such  diets  as  usually  eaten  are  deficient  in  antiscorbutic  substances. 
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The  senior  author  determined  the  pH  of  duodenal  contents  from 
two  adults  (human)  collected  by  Dr.  Schneider  in  April,  1915,  and 
found  one  to  be  7.61  and  the  other  to  be  1.5,  or  an  average  of  4,55, 
whereas  the  average  of  fifteen  samples  from  infants  was  4.9.  Long 
and  Fenger*  obtained  an  average  of  pH  =  5.72  for  adult  human 
duodenal  contents  (thirteen  samples).  McClendonj  Shedlov,  and 
Thomson*  obtained  an  average  of  pH  =  6.2  for  the  contents  of 
the  ileum  of  seven  pups  and  McClendon,  Shedlov,  and  Karpman' 
obtained  an  average  of  pH  =  6.03  in  eight  determinations  of  the 
Oeum  of  four  adult  dogs.  The  discrepancy  between  the  results  on 
human  and  dt^  intestine  may  be  due  to  the  fact,  as  shown  below, 
that  the  int«stine  may  become  less  acid  on  the  way  down  and  the 
human  samples  could  be  taken  from  the  duodenum  only. 

Torrey^  has  shown  that  lactose  and  dextrin  when  added  to  a 
basal  diet  for  dogs  cause  replacement  of  BaciUus  coli  by  Bacillus 
acidophilua  and,  although  the  above  results  may  not  show  a  dif- 
ference in  the  pH  of  the  lactose-eating  puppy  and  adult  dog,  the 
human  data  indicate  such  a  difference  and  we  wished  to  test  this 
question  more  thoroughly.  Adult  cats  were  fed  as  much  lactose  in 
milk  as  they  would  consume.  The  average  of  five  determinations 
on  the  pH  of  the  ileum  was  6.01  as  compared  with  6.38  for  six 

'Long,  J,  H.,  and  Fenger,  F.,  J.  Am.  Ckem.Soc.,  1917,  xxxxix,  1278. 
'McClendon,  J.  F.,  Shedlov,  A.,  and  Thomson,  W.,  J.  Biol,  Chem.,  1917, 
xxxi,  269. 

'McClendon,  J.  F.,  Shedlov,  A.,  and  Karpman,  B.,  J.  Biol.  Chem.,  1918, 

•Torrey,  J.  C,  /.  Med.  Research,  1919,  xxxix,  415. 
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determinations  on  cats  fed  waste  food  from  the  table.  One  deter- 
mination on  a  cat  to  which  200  gm.  of  cane  sugar  were  adminis- 
tered by  means  of  the  stomach  tube  gave  pH  =  6.  A  dog  was  fed 
3  pounds  of  milk  and  1  pound  of  cane  sugar  the  first  day,  the  same 
the  second  day,  and  2  pounds  of  milk  and  2  pK>unds  of  sugar  the 
third  day,  at  the  end  of  which  time  the  pH  of  the  jejunum  was 
6,  of  the  middle  ilemn  6,  and  of  the  lower  or  distal  ileiun  6.7. 

In  rabbits  it  was  necessary  to  distinguish  between  diflFerent 
regions  of  the  intestine,  as  shown  in  Table  I  which  gives  averages 
on  different  feeds. 


TABLE  I. 

pH'Of  Ileum  of  Rabbits. 

Food. 

Proximal. 

Middle. 

Dtftol. 

Lactose  and  oats. 

• 

6.5 
6.61 
6.91 
7.12 

6.6 
6.65 
7.32 
7.34 

6.8 
6.76 

7;66 

7.51 

Carrots 

**     and  oats 

Oats 

The  results  may  possibly  show  that  the  more  soluble  carbo- 
hydrate there  is  in  the  food,  the  more  acid  the  intestine  may  be- 
come, yet  the  data  do  not  warrant  any  positive  statements  on 
the  subject.  In  fact,  we  began  to  suspect  that  the  length  of  the 
ileum  might  be  a  factor,  since  in  long  ileums  the  acidity  decreased 
on  the  way  down. 

If  the  ratio  of  the  length  of  the  ileum  to  that  of  the  body  is  taken 
as  an  index  of  the  relative  length  of  the  former  we  obtained  an 
index  of  8.6  for  the  cat  cind  13  for  the  rabbit,  using  the  same 
methods  of  measurement.  It  is  then  necessary  to  test  whether 
the  relatively  shorter  intestine  is  more  acid  in  all  cases  as  it  is  in 
the  above  comparisons  of  camivora  and  herbivora.  In  order  to 
compare  the  same  species  we  used  suckling  and  adult  rabbits.  The 
index  of  the  former  was  10  and  the  latter  13.  (In  man  the  reverse 
change  occurs,  the  index  for  new-bom  infants  being  7.9  and  for 
adults  3.8.)  So  the  young  ones  would  be  expected  to  have  a  more 
acid  ileum,  as  was  actually  found,  the  average  values  being  6.4  pH 
for  the  proximal  and  6.61  for  the  distal  portions  in  four  young 
rabbits.  Since  this  was  even  more  acid  than  it  was  possible  to 
make  the  ileum  of  adults  by  diet,  we  infer  that  the  milk  diet  of 
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the  young  is  not  the  only  factor  but  that  the  shorter  intestine  is 
associated  with  more  acid  contents. 

Since  we  did  not  find  appreciable  amounts  of  ammonia  in 
alkaline  intestinal  contents,  and  the  original  pH  of  all  the  food 
tested  was  acid,  we  concluded  that  the  variations  in  pH  must  be 
due  to  some  other  factor,  such  as  the  absorption  of  CO2  as  the 
food  moved  down  the  intestine.  Long  and  Fenger^  determined 
the  pH  and  CO2  tension  of  the  intestinal  contents  of  hogs,  their 
average  figures  being  as  follows: 


Part  of  ileum. 

pH 

COt  tension 

in  per  cent  of  an 

atmosphere. 

ProximEl 

6.7 

6.96 

7.1' 

23.6 

Middle 

13.0 

Distal 

14.0 

It  therefore  appears  that  the  intestinal  contents  become  alkaline 
because  the  COj  is  absorbed  faster  than  it  is  produced.  As  the 
gastric  juice  mingles  with  pancreatic  secretion  in  the  duodenum,  a 


No. 

1 
2 
3 
4 
5 
d 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 


TABLE  II. 
-pH  of  Rabbit* 8  Ileum. 


I 


4  vireeks. 
4        " 
8 


€* 


t* 


8 
Adult. 


Middle. 

Distal. 

6.32 

6.54 

6.68 

6.90 

7.40 

7.80 

7.31 

7.72 

7.28 

7.62 

7.48 

7.89 

6.90 

7.10 

7.71 

8.10 

7.20 

7.39 

7.70 

7.92 

7.18 

7.25 

7.14 

7.37 

6.90 

7.00 

6.89 

7.20 

6.28 

6.34 

6.78 

6.94 

Diet. 


Nursing. 

and  eating  oats  and  carrots. 
II        «         «      «        It 

Oats  and  occasionally  carrots. 


« 
i< 
it 


it 
« 
« 
tt 
it 
tt 
it 
it 
tt 


tt 
tt 
tt 
tt 
tt 
tt 


tt 
tt 
tt 
it 
tt 
tt 


tt 
tt 
tt 
tt 
tt 
tt 


it 
Carrots. 


tt 


Water  only. 
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large  amount  of  CO2  is  produced  more  of  which  is  absorbed  the 
longer  the  intestine.  .  Bacterial  action,  however,  would  partially 
restore  the  COs  absorbed.  (The  mineral  content  of  the  food  does 
not  seem  to  be  a  factor  in  determining  the  pH  since  the  acidity  of 
the  intestinal  contents  is  greater  on  a  diet  of  carrots  that  yield  a 
basic  ash  than  on  a  diet  of  oats  that  yield  an  acid  ash.)  That  the 
contents  of  the  ileum  become  less  acid  on  the  way  down  is  con- 
clusively shown  by  Table  II. 
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THE  HYDROGEN  ION  CONCENTRATION  OF  FOODS. 

By  J.  F.  McCLENDON  and  PAUL  F.  SHARP. 

{From  the  Physiological  Laboratory,  University  of  Minnesota  Medical  School, 

Minneapolis,) 

(Received  for  publication,  May  29,  1919.) 

Owing  to  the  fact  that  the  vitamines  of  foods  are  more  perish- 
able in  alkaline  than  in  acid  media,  it  was  thought  worth  while  to 
increase  our  knowledge  of  the  hydrogen  ion  concentration  of  foods. 
Such  determinations  may  also  be  useful  in  connection  with  a  study 
of  the  hydrogen  ion  concentration  of  the  contents  of  the  intestinal 
tract. 

Fo&^  states  that  the  pH  of  ripe  grape  juice  is  4.52,  of  the  juice 
of  a  nearly  ripe  pear  is  4.24,  and  of  the  milk  of  Ficus  elastica  is  5.7. 
Clark  and  Lubs'  give  a  number  of  determinations  as  follows: 


Substanoe. 


Whey 

Vinegar 

Silage  }iiice 

Apple     "     . , ,. 

Prune     "     .......  .^.., 

Beer  wort 

Carrot      juice ^ 

Cucumber   "   

Apple  "    

String  bean  juice 

Banana  juice 

Potato     "    

Sweet  potato  juice 

Maple  syrup 

Beet  juice 


Raw. 

Autoolaved. 

pH 

pH 

1.64-2.56 

2.36^.21 

3.70-3.91 

.   " 

3.76-^.65 

3.8 

'4.12-9.44 

4.3 

4.91-8.55 

5.21-9.27 

5.2 

5.08     . 

5.1 

5.02 

5.23-8.63 

5.2 

4.62 

4.6 

6.06-9.44 

6.1 

5.80-8.73 

6.75-6.8 

6.07-8.75 

6.1 

» Foa,  C,  Arch,  FisioL,  1906,  iii,  390. 

*  Clark,  W.  M.,  and  Lubs,  H.  A.,  J,  Bacterial.,  1917,  ii,  1. 

531 


THX  JODRNAL  OP  BIOLOOICAL  CHRIOSTRT,   VOL.  XXXVIII,  NO.  3 


532  pH  of  Foods 

These  determinations  were  made  with  the  hydrogen  electrode 
but  the  juices  were  used  to  standardize  colorimetric  methods  and 
were  apparently  kept  for  long  periods  and  became  more  alkaline, 
and  the  more  acid  reaction  pi-obably  represents  the  fresh  juice. 
They  quote  the  following  values  from  the  literature: 

pB 

MuBcle  juice 6.8 

Pancreas  extract 5.6 

Milk 6.6-7.6 

Flour  extract 6.0-6.5 

Beer 3.9-4.7 

Wine 2.8-3.8 

Lime  juice 1,7 

Lemon  "    2.2 

Cherry  "    2.5 

Grapefruit      "    .' 3.0-3.3 

Orange  "    3.1-4.1 

Rhubarb         "    3.1 

Strawberry     "    3.4 

Pineapple       "    3.4-*. 1 

Tomato  " 4.2 

Plant  cell  sap 5.3-5,8 

Our  own  determinations  were  begun  as  an  attempt  to  find  the 
cause  of  the  deterioration  of  the  antiscorbutic  substance  between 
the  time  of  its  formation  in  the  sprouting  of  barley  and  through  the 
process  of  making  malt  extracts  in  various  ways.  We  found  that 
the  acidity  of  press  juice  or  extracts  of  steeped  barley  or  sprouting 
barley  or  any  of  the  products  investigated  was  as  acid  as  pH  =  5.5 
and  was  not  made  less  acid  by  exposure  to  air,  titration  through 
fullers'  earth,  boUing,  or  evaporation  at  low  pressure  while  a 
stream  of  air  passed  through  it.  This  acidity  is  somewhat  lower 
than  orange  juice  and  much  lower  than  lemon  juice.  It  might 
therefore  be  advantageous  to  add  acid  to  preserve  the  antiscor- 
butic substance.  It  would  require  too  much  space  to  give  all  the 
detenninations  with  the  many  variations  in  mode  of  treatment  of 
the  product,  but  the  following  example  illustrates  the  character  of 
the  work.  Barley  of  95  per  cent  germination  capacity  was  malted 
by  the  drum  method  until  the  acrospire  was  as  long  as  the  grain, 
the  green  malt  was  crushed  between  steel  rollers,  and  a  little  water 
was  added  to  make  a  pasty  mass  and  pressed  in  a  Buchner  press 
without  the  addition  of  any  other  substance.  The  pH  of  the  press 
juice  was  5.4  and  of  the  same  after  boiling  5.45, 
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We  extended  our  observations  to  foods  in  general  and  made  a 
long  series  of  determinations  with  the  result  that  they  were  all  on 
the  acid  side  of  neutrality  no  matter  what  the  condition  of  freshness, 
mode  of  storage,  stage  in  the  preparation  (cooking),  or  dilution 
w^ith  water  (extract,  soup,  or  pot-liquor).     We  had  supposed  that 
meats,  at  least,  might  turn  alkaline  on  cooking,  due  to  the  loss  of 
CO2  in  the  bicarbonates  contained  in  them,  but  apparently  enough 
lactic   acid  is  developed  in  meat  to  prevent  this  change.     For 
example,  a  piece  of  lean  rabbit  was  boiled  until  the  muscle  fibers 
began  to  loosen  and  the  press  juice  pH  was  6.25  whereas  the  pH 
of  the  pot-liquor  or  water  in  which  the  meat  was  boiled  was  5.89. 
We  did  not  succeed  in  getting  enough  press  juice  of  raw  meat  with- 
out the  addition  of  water,  as  the  clotting  of  the  muscle  proteins 
causes  the  water  to  be  held  rather  firmly,  but  the  following  example 
mav  illustrate  the  work  we  did  do.     A  rabbit  was  killed  and  the 
leg  muscles  placed  in  a  mixture  of  ice  and  salt  until  frozen.     The 
frozen  muscles  were  quickly  sliced  and  placed  between  steel  plates 
and  suddenly  subjected  to  a  pressure  of  5,000  pounds  per  square 
inch  to  press  out  the  muscle  plasma.    This  muscle  plasma  was 
mixed  with  a  little  water  and  placed  in  a  canvas  bag  in  a  Buchner 
press,  and  the  press  juice  run  into  the  electrode,  showing  pH  =  6. 

We  made  comparisons  of  the  pH  of  vegetables  pressed  fresh, 
or  first  cooked  and  then  pressed  and  found  slight  differences  in  the 
pH.  In  order  to  determine  whether  this  was  due  to  the  volatility 
of  some  acid  or  base  we  pressed  the  juice  from  the  raw  food  and 
determined  the  pH,  then  boiled  the  juice  and  then  determined  the 
pH.  The  differences  obtained  were  very  slight  and  might  be  due 
to  changes  in  acid-binding  power  of  proteins  on  coagulation. 

Table  I  shows  the  pH  of  fruits  and  vegetables  in  our  last  series 
of  determinations.  The  juice  was  pressed  out  of  the  raw  food  and 
the  pH  determined,  then  the  juice  was  run  into  a  silica  dish,  an 

TABLE  I. 


Substance. 


Young  carrot  juice 

Potato  juice 

Cabbage  "   

Orange     "    

Lemon      "   ...... 


r 
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equal  Volume  of  distilled  water  added,  then1x)iled,  and  the  original 
volume  restored  by  the  addition  of  distilled  water  or  further 
boiUng,  as  required. 

In  general  it  may  be  said  that  the  juice  became  slightly  more  add 
on  boiling.  On  the  contrary,  if  the  food  was  boiled  before  pressing 
it  might  be  slightly  less  acid,  thus  raw  potato  gave  pH  =  5.57  and 
boiled  potato  5.79)  raw  cabbage  5.90  and  boUed  cabbage  6.50. 

As  the  technique  of  hydrogen  ion  determinations  of  such  material 
has  been  admirably  described  by  Clark*  it  is  not  necessary  to  go 
into  details,  but  we  do  not  beUeve  all  the  precautions  taken  by 
Clark  are  necessary.  We  found  it  necessary  to  immerse  the  platin- 
ized part  of  the  electrode  completely  but  not  to  avoid  foam,  and 
after  thorough  shaking  the  potential  Was  maintained  constant  for 
a  long  period  after  the  shaking  ceased.  If  the  solution  to  be  tested 
is  sufficiently  viscous  to  support  a  layer  of  the  solution  on  the 
platinized  electrode  (as  in  the  case  of  blood  plasma),  it  is  not  neces- 
sary to  take  the  reading  with  the  electrode  totally  immersed.  But 
in  the  case  of  most  plant  juices  the  film  drains  off  the  electrode  and 
at  the  same  time  the  potential  gradually  changes  and  continues  to 
do  so  for  hours  and  it  is  therefore  impossible  to  decide  the  correct 
reading.  We  found  that  palladium-coated  electrodes  deteriorated 
so  rapidly  that  they  were  discarded  and  platinized  gold  electrodes 
used  exclusively.  From  other  work,  however,  we  believe  iridium 
would  be  superior  to  platinum. 

Certain  unavoidable  difficulties  enter  into  the  determination  of 
raw  juices  that  prevent  absolute  uniformity  of  results.  The  juices 
contain  enzymes  and,  if  not  absolutely  sterile,  a  variable  quantity 
of  adventitious  enzymes  is  developed.  This  enzyme  action  may 
be  readily  observed  in  plant  juices,  due  to  the  presence  of  oxidases 
that  act  on  chromogens  such  as  tyrosine.  We  did  not  make  a  com- 
plete study  of  changes  in  acidity  due  to  autolysis  or  bacterial 
action,  but  observed  isolated  instances  of  such  changes.  For 
example,  freshly  pressed  carrot  juice  gave  pH  =  5.85  whereas  a 
portion  of  the  same  juice  exposed  to  air  20  minutes  before  running 
into  the  electrode  gave  pH  =  5.73.  All  our  observations  showed 
increase  in  acidity  on  standing,  but  we  interpret  the  tables  of  Clark 
and  Lubs  as  indicating  that  the  juices  might  become  alkaline, 
possibly  due  to  alkaline  fermentation  such  as  occurs  in  urine. 

» Clark,  W.  M.,  /.  Biol.  Chem.,  1915,  xxiii,  475. 
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The  more  that  ia  known  of  the  physical  chemistry  of  proteins, 
the  leas  they  appear  to  resemble  the  suspension  colloids.  Sorensen' 
has  studied  egg  albumin  from  the  standpoint  of  an  electrolyte,  and 
considers  the  molecular  weight  to  be  about  3,400,  and  the  pH  of  the 
lowest  osmotic  pressure  4  to  4.4,  of  the  lowest  solubility  4.58  (in 
presence  of  ammonium  sulfate),  and  of  the  isoelectric  point  4.8, 
He  has  shown  that  it  can  be  purified  by  recrystallization  and  that 
the  crystals  probably  consist  of  2  albumin  molecules,  3  molecules 
of  sulfuric  acid,  and  830  water  molecules. 

If  proteins  exist  in  true  solution  we  would  expect  ultramicro- 
scopic  particles  to  be  absent  or  very  numerous,  depending  on 
whether  the  individual  molecules  could  be  seen  or  not.  We 
recrystallized  egg  albumin  three  times  by  Sorensen's  method  and 
made  a  saturated  solution  of  the  third  crystals  in  distilled  water. 
The  pH  of  this  solution  was  about  4.2  and  the  ultramicroscope 
showed  only  an  occasional  submicren.  On  titrating  it  to  pH  =  4.8 
in  a  hydrogen  electrode  by  means  of  0.1  n  NaOH  and  then  re- 
examinii^  it  with  the  ultramicroscope  we  found  a  slight  increase 
in  the  number  of  submicrons,  but  this  may  be  due  to  the  fact 
(also  observed  by  Sorensen)  that  a  precipitate  forms  very  slowly 
in  such  solutions  on  long  standing,  and  we  suppose  the  submicrons 
may  be  the  first  indication  of  a  change  resulting  in  precipitation 
or  denaturation  of  the  albumin.  We  believe  that  in  the  absence  of 
denatured  albumin  there  would  be  no  submicrons  present.  The 
presence  of  the  Tyndall  effect  can  hardly  be  taken  as  proving  the 
presence  of  colloid  particles,  since  it  has  been  observed  in  solutions 
of  sugars  that  are  not  colloids  in  the  usual  sense  of  the  term.  It 
seems  unfortunate  to  us  that  clear  solutions  of  protems  should  be 
classed  with  suspensoids  under  the  term  "colloids." 

'SftrensSD,  S,  P.  L.,  Compt.  rend.  trav.  Lab.  Carhberg,  1917,  xii. 


,»^"««AN  ■ 


A     CHART    FOR     RAPID    CALCULATION 

OF    CALORIFIC     VALUES 

OF     DIET 


J.    F.  fclcCLENDON.    Ph.D. 

wciate    Piofa«irltr-Tby,io]ogr.    UnivmLiy    of    Him 


The  accompanying  chart  furnishes  the  calori5c  value  per 
unit  weight  and  performs  simultaneously  the  process  of 
multiplication  and  division,  thus  giving  an  immediate  answer 
to  the  question  of  the  calorific  value  of  any  diet,  bill  of  fare 
or  store  of  food.  It  is  one  thing  for  the  physician  to  recom- 
mend a  more  adequate  diet  for  a  patient  suffering  from  pel- 
lagra, tuberculosis  or  other  disease,  but  quite  another  thing 
for  the  patient  to  procure  such  a  diet.  With  the  increase  in 
cost  of  food,  economic  rationing  becomes  more  and  more 
desirable.  The  calculation  of  the  calorific  value  of  food  is 
seldom  done  as  an  economic  measure,  since  the  cost  of  such 
calculation  often  exceeds  the  savings  that  may  arise  there- 
from. The  object  of  the  chart  is  to  reduce  the  labor  of  cal- 
culation to  a  vanishing  quantity.  The  time  required  to  use 
the  chart  decreases  with  practice,  but  is  so  small  as  to  be 
negligible  even  the  first  time  the  chart  is  used.  The  first 
time  I  used  the  chart,  five  minutes  were  required  to  cal- 
culate the  calorific  value  of  a  diet  containing  seventeen 
articles  of  food,  and  the  error  was  only  5  per  cent.  The 
error  due  to  variation  of  the  foodstuff  may  be  5  per  cent,  or 
more,  and  hence  the  use  of  the  chart  in  calculation  is  open 
to  no  more  criticism  than  the  use  of  Atwaler  and  Bryant's 
data  for  the  composition  of  food. 

Since  food  is  usually  purchased  by  the  pound'  or  in  con> 
tainers  whose  capacity  in  pounds  is  known,  the  use  of  the 
pound  as  the  unit  of  weight  is  most  convenient.  Besides 
the  chart,  a  measuring  tape  is  necessary.  A  millimeter  tape 
is  most  convenient  if  it  is  remembered  that  each  millimeter 
represents  100  calories,  or  each  centimeter,  1.000  calories. 
The  "calories  per  pound"  scale  at  the  top  of  the  chart  repre- 
sents a  millimeter  tape  with  the  calory  units  marked  on  it. 
and  it  may  l)e  cut  out  or  copied  for  use,  but  It  Is  not  long 
enough  and  should  be  extended.  A  fine  thread  may  be  used 
in  conjunction  with  the  "calories  per  pound"  scale,  as  In  the 
ordinary  practice  of  measuring  with  a  string  and  trans- 
ferring to  a  rule. 


A  list  of  the  foods  and  their  weights  in  pounds  is  prepared. 
Beginning  with  the  first  food  on  the  list,  the  scale  opposite 
its  name  on  the  chart  is  found  and  the  number  correspond- 
ing to  its  weight  is  noted  on  the  scale  and  the  distance  from 
this  number  to  the  left  hand  end  of  the  scale  is  measured 
with  the  tape.  The  part  of  the  tape  used  in  this  measure- 
ment is  marked  off  by  covering  it  with  the  left  thumb,  the 
next  succeeding  portion  of  the  tape  is  used  to  measure  the 
second  article  of  food,  and  at  the  end  of  the  process,  the 
calorific  value  of  the  whole  list  of  foods  is  read  off  directly 
from  the  tape.  For  instance,  let  us  suppose  that  we  wish 
to  calculate  the  total  calorific  value  of  1  pound  of  bread 
and  10  pounds  of  apple  butter.  Using  the  millimeter  tape 
measure  (which  is  identical  with  the  "calories  per  pound" 
scale  at  the  top  of  the  chart)  we  measure  ofT  one  unit  of  the 
bread  scale  and  find  it  to  be  13  mm.  Then,  taking  the  same 
measure  and  commencing  at  the  13  mm.  point  we  measure 
10  units  on  the  apple  butter  scale.  We  shall  find  that  this 
will  take  us  up  to  about  84  mm.  Therefore,  the  total  calorific 
value  of  the  1  pound  of  bread  and  10  pounds  of  apple  butter 
are  8,400  calories.  There  may  be  an  error  in  calculation  of 
20  calories,  which  is  only  0.5  per  cent.  Of  course,  in  rapid 
work,  ten  times  as  great  an  error  may  occur. 

Some  further  examples  are  as  follows :  Suppose  a  meal  is 
made  of  1  pound  of  beef  and  1  pound  of  potatoes.  We  mea- 
sure the  beef  as  about  10  mm.  and  the  potatoes  as  about 
3  mm.,  or  a  total  of  13  mm.  or  1,300  calories  (whereas  the 
correct  calculation  is  1,307  calories  by  multiplication  and 
addition).  Besides  this  slight  error  in  calculation  there  is 
a  much  greater  error  in  using  an  average  figure  for  beef. 
If  we  were  calculating  the  beef  used  in  an  army  mess,  the 
data  would  be  nearly  correct;  but  when  the  beef  is  cut  up 
there  is  considerable  variation  in  the  different  cuts,  as  illus- 
trated by  the  fact  that  Atwater  and  Bryant  devote  ten  pages 
of  tables  to  data  on  fresh  beef.  Since  the  different  cuts  vary 
from  125  calories  per  pound  for  very  lean  neck  to  2.4'K) 
calories  per  pound  for  very  fat  flank,  it  might  seem  useless 
to  use  the  chart  for  beef  at  all.  In  case  of  the  higher 
calorific  values,  most  of  the  calories  are  due  to  large  masses 
of  fat  that  would  not  be  eaten  as  such,  and  the  lower  calorific 
values  are  due  to  the  presence  of  much  bone  that  makes  the 
cuts  fit  only  for  soup.  In  the  ordinary  practice  of  eating 
steaks  and  chops,  the  average  figure  for  beef  would  not  be 
very  far  wrong.  If  we  have  a  different  scale  for  every  cut 
of  beef,  the  chart  would  be  too  large  for  ordinary  use. 

As  another  example,  suppose  we  make  a  pudding  of  a 
dozen  eggs,  5  pints  of  milk  and  half  a  pound  of  sugar.  A 
dozen  eggs  weight  approximately  IV2  pounds,  and  5  pints  of 
milk  5  pounds.  We  find  that  eggs  have  the  same  calorific 
value  as  canned  baked  beans,  and  milk  the  same  as  bananas, 
to  remember  which  will  aid  in  finding  the  scale.     We  mea- 
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ChocolQte I 

Cocoa , 
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sure  off  1.5  units  on  the  egg  icale  and  find  it  to  be  9  mm., 
and  5  units  on  the  milk  scale  and  find  it  to  be  15  mm.,  or  a 
total  of  24  mm.,  and  half  a  unit  on  the  sugar  scale  and  find 
it  to  be  9  mm.,  making  a  grand  total  of  33  mm.,  or  3,300 
calories.  The  correct  calculation  gives  3,317  calorics;  hence 
our  error  is  about  0,5  per  cent. 

If  the  food  has  been  weighed  in  ounces,  the  same  chart  is 
used,  but  a  new  measuring  tape  must  be  prepared  by  cutting 
out  or  copying  the  "calories  per  ounce"  scale  at  the  top  of 
the  chart.  For  instance,  to  find  the  calorific  value  of  1  ounce 
of  butler  we  measure  one  unit  on  the  butler  scale  with  our 
mew  tape  and  find  it  lo  be  217  calories,  whereas  the  correct 
calculation  gives  us  217.38  calories. 

If  the  weight  of  the  food  is  recorded  in  grams,  the  same 
chart  is  used,  but  a  third  form  of  measuring  tape  is  prepared 
liy  cutting  out  or  copying  (be  "calories  per  gram"  scale  at 
■the  top  of  the  chart.  For  example,  lo  find  the  calorific  value 
of  1  gm.  of  butter,  we  measure  one  unit  on  the  butter  scale 
AA-ith  this  third  form  of  tape,  and  we  find  it  to  be  7.7  calories, 
-whereas  the  correct  calculation  would  give  us  7.068  calories. 
In  case  the  food  is  not  sold  by  weight,  the  capacity  of  con- 
tainers may  be  estimated.  The  volumetric  capacity  of  con- 
tainers may  vary  if  not  fixed  by  law,  and  the  gravimetric 
capacity  may  vary  with  variation  in  the  character  of  its 
t^ontents.  The  tabulated  data,  obtained  in  San  Fra 
«T)ay  he  of  some  use.    The  weights  are  net. 

ESTIMATED    CAPACITY    OF    CONTAINERS 


40  lbs.  prr  lug.bc 


Turn 


The  weight  of  contents  of  canned  and  dry  package  goods 
is  marked  on  the  container.  The  foods  sold  by  volume  and 
not  weight  are  usually  of  low  calorific  value,  and  hence  the 
absolute  error  in  estimating  the  weight  is  very  small. 
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Notwithstanding  the  fact  that  my  first  biological  interest  was 
in  relation  to  the  subject  of  nutrition,  my  earlier  experiments  were 
made  on  myself  and  were  discontinued  as  soon  as  my  curiosity  was 
satisfied,  and  I  have  had  occasion  to  work  out,  in  a  scientific  manner, 
only  small  details  of  this  vast  subject.  While  serving  with  the 
Division  of  Food  and  Nutrition,  Medical  Department,  U.  S.  Army, 
I  was  impressed  with  the  wide  differences  of  opinion  that  exist  in 
the  public  mind,  an4  especially  among  the  medical  profession,  on 
this  subject,  and  since  January  1,  1919,  with  the  assistance  of  ten 
students,  I  have  devoted  nearly  all  of  my  time  to  investigation  in 
this  field,  the  results  of  which  are  being  published  in  the  Journal  of 
Biological  Chemistry.  Owing  to  the  fact  that  the  changed  economic 
conditions  due  to  the  war  have  brought  about  some  changes 
in  dietary  habits,  the  effects  of  which  may  not  be  thoroughly 
appreciated  until  some  years  have  passed,  a  compilation  of  some 
of  the  literature  and  discussion  of  some  of  the  problems  may  not 
be  out  of  place  at  this  time.  Since  vitamine  studies  are  receiving 
considerable  attention  just  now,  attention  will  be  directed  especially 
to  them  throughout  most  of  this  paper.  Other  subjects  will  be  treated 
more  briefly,  not  because  they  are  less  important,  but  because  they 
are  better  understood. 

Eftpect  of  Fuel  Value  of  Diet  on  Body  Weight.  Benedict, 
Miles,  Roth  and  Smith  have  so  thoroughly  investigated  the  effects 
of  a  restricted  diet  (about  2  ounces  protein  and  2000  calories  per 
ration)  that  further  comment  seems  unnecessary.  Similar  restric- 
tions of  diet  have  been  voluntarily  or  involuntarily  made  by  large 
numbers  of  persons  during  the  war.  One  common  conclusion  from 
these  experiments  may  be  emphasized  here,  since  I  have  heard  it 
repeatedly  denied  by  persons  who  had  no  reliable  information  on 
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the  subject,  and  that  is  that  the  body  weight  is  just  as  much  depend- 
ent on  the  calorific  value  of  the  food  in  man  as  in  animals.  Perhaps  /  ^ 
many  persons  partake  of  a  low  calorific  diet  in  the  presence  of  an  /  /^ 
abundance  of  food,  owing  to  various*  factors  that  reduce  the  appe-  I  ^l^ 
tite.  In  animal  experiments  a  diet  that  is  inadequate  in  regard  to  \^i  ^ 
some  constituent  reduces  the  appetite.  This  has  been  especially  I  \i^ 
noticed  in  experiments  in  which  one  or  more  of  the  amino-acids  or  \  "^ 
vitamines  was  deficient  in  quantity.  Animals  on  a  vitamme-ftee  \  ^ 
diet  finally  refuse  food  entirely.  This  factor  may  be  suggested  as  * 
possible  danger  in  so-called  low  protein  diets. 

As  early  as  1887,  Hirschfeld  advocated  a  low-protein  diet  and  '•^^ 
same  ideas  have  been  proposed  by  many  scientific  and  unscientz:^  -^ 
propagandists  since  that  date.    In  1898,  while  a  university  stud^^^^  ^^ 

subject  to  compulsory  physical  exercise,  I  restricted  my  diet \^^ 

three  months  in  regard  to  the  quantity  of  animal  foods  taken.   rJ-^l 
weight  dropped  to  70  pounds  and  my  skin  became  rough,  the 


on  my  body  and  face  standing  at  right  angles  to  the  skin  surfa»-^*j^!^ 
At  the  end  of  this  experiment  I  partook  of  a  liberal  diet,  includii^'^-^ 
fresh  meat  and  vegetables,  eggs,  milk,  beef  fat,  cod-liver  oil,  r^^"^  ^ 
bone-marrow  and  malt  extract,  and  at  the  end  of  one  year  x^^  j^ 
weight  was  140  pounds,  showing  a  gain  of  3  ounces  per  day.  1  ^^  j 
order  to  distinguish  between  quality  and  quantity  of  the  diet  -^^  ^ 
made  another  experiment  in  1912.  After  having  maintained  T^ja 
fairly  constant  weight  under  certain  conditions  for  several  y®^"""^^^^ 
and  without  consciously  disturbing  those  conditions,  I  added  ^^^^ ^^.^^^ 
2  ounces  of  cottonseed  oil  per  day  to  my  diet  and  gained  3  ounc^^^^^^ji 
per  day  for  eighty  days.  Since  the  oil  was  drunk  after  meals  S^  . 
did  not  interfere  directly  with  my  appetite,  and  since  it  is  no'"'^'^ 
known  to  contain  a  vitamine  or  other  growth-producing  sul 
stance,  it  probably  acted  purely  through  its  calorific  value  or  wi 
stored,  together  with  water,  as  adipose  tissue.  Since  fat  does  nol 
cause  excessive  water  storage,  as  is  the  case  with  carbohydrate, 
the  increase  of  about  15  pounds  in  weight  cannot  be  attributed  to 
water  storage  alone. 

Although  a  restricted  diet  has  been  advocated  by  Horace  Fletcher, 
Chittenden,  and  more  recently  by  Hindhede,  these  propagandists 
seem  to  be  in  the  minority.  Another  point  of  view  is  illustrated  by 
the  excuse  a  slave  gave  for  stealing  a  chicken:  "Nigger  meat's 
wurf  mor'n  chicken  meat."  There  are  some  uses  of  a  restricted 
diet,  however,  but  the  difficulty  lies  in  enforcing  the  dietary  rules. 
It  is  said  that  in  the  treatment  of  obesity  at  Carlsbad  the  patients 
were  served  very  small  portions  at  high  prices  h  la  carte. 

In  economical  rationing  a  rapid  and  inexpensive  method  of  calcu* 
lation  of  fuel  value  of  food  is  desirable.  By  means  of  the  chart 
shown,  simultaneous  multiplication  and  addition  is  performed  in  cal- 
culation of  the  calorific  value  of  a  list  of  foods.  The  time  required  is 
chiefly  used  in  finding  the  name  of  the  food  on  the  chart,  and  hence 
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si>^^^5cl  increases  with  practice.    The  first  time  I  used  this  chart  the 
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ntage  error  and  the  number  of  minutes  required  were  carefully 
no't^jd.  The  food  used  by  the  9th  Engineers  in  one  week  was. used 
e  test.  It  required  five  minutes  to  calculate  the  calorific 
of  this  food  with  the  chart,  and  the  error  was  5  per  cent. 
t;Aking  more  time  to  read  the  chart,  or  by  using  a  chart  on  a 
scale,  greater  accuracy  may  be  obtained  in  the  calculation, 
bvi-t  since  the  accuracy  of  lie  data  may  not  exceed  5  per  cent., 
accuracy  in  calculation  may  not  be  desired. 


*=^«>  &.«-««  ^ 
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^^ftart  for  rapid  calculation  of  fuel  value  of  diet.     The  calorific  value  of  any  food 

be  calculated  from  its  weight  in  {wunds  by  finding  the  name  of  the  food  in  the 

and  the  number  corresponding  to  its  weight  on  the  line  containing  its  name. 

^y  a  millimeter  tape  to  the  scale  on  the  chart  and  each  millimeter  represents  100 

'f^^^^'-v^es.    In  the  upper  part  of  the  chart  the  scale  reads  in  iKnmds  from  one  to  ten. 

^^   ^^lie  lower  part  of  the  chart  the  scale  reads  in  iwunds  from  one  to  three  and 

Y^^^^^er  divisions  signify  halves  and  quarters  of  a  iwund  and  the  breaks  in  the 

i;/^  Cental  lines  signify  o\moes.    Foods  of  the  same  calorific  value  are  on  the  same 

and  their  weights  may  be  added  together  before  using  the  chart.    In  order  to 

the  chart  for  simultaneous  multiplication  and  addition,  prepare  the  list  of  foods 

X>ounds  and  measure  the  iwund  scale  of  each  successively  with  the  millimeter 

TW^'  ^^i^oQ^^i^  ^ch  measurement  on  the  tape  at  the  end  of  the  preceding  one. 

^*^«  final  figure  on  the  tape  with  two  ciphers  added  represents  the  total  number  of 

<^orie8  of  the  entire  list  of  foods. 
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Reaction  and  Bacteriology  of  the  Alimentary  Tract.  The 
reaction  of  the  alimentary  tract  is  important  in  relation  to  the 
character  of  the  hydrolysis  of  the  food,  either  due  to  digestive 
juices  or  bacteria.  The  saliva  in  the  clos^  mouth  is  about  neutral. 
The  gastric  juice  is  about  one-tenth  normal  hydrochloric  acid  and 
the  exact  hydrogen  ion  concentration  of  the  stomach  contents 
depends  on  that  of  the  food  and  the  relative  quantity  of  gastric 
juice  that  has  been  secreted  (as  well  as  the, degree  of  mixing.) 
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McClendon  and    Sharp    have  shown  that  with  the  occasional 
exception  of  fresh  milk,  both  raw  and  cooked  foods  are  slightly  acid. 
It  should  be  noted  that  in  the  paper  by  McClendon  and  Sharp  the 
first  table  (quoted  from  Clark  and  Lubs)  should  be  omitted,  since 
acid  or  alkali  had  been  added  to  the  food  juices  in  many  cases.  The 
low  acidity  of  the  contents  of  the  infant's  stomach  after  feeding 
is  not  so  much  due  to  lower  acidity  of  the  gastric  juice  as  to  the 
diet  of  fresh  milk,  and  possibly  to  the  small  quantity  of  gastnc 
juice  secreted.    It  was  shown  by  McClendon,  Myers,  Culligan  and 
Gydesen  that  the  small  intestine  is  slightly  acid  in  young  and  9^^ 
Cfiumivora  and  young  herbivora.    In  adult  herbivora,  however,  Jj^^^ 
duodenum  is  usually  slightly  acid,  but  this  passes  over  to  a  sUg*^'' 
alkaline  reaction  somewhere  in  the  small  intestine.    The  re*^?^, 
of  the  rabbit's  intestine  could  be  changed  from  alkaline  to  aci^  / 
flooding  it  with  soluble  carbohydrate,  as  by  adding  lactose  t(F 
diet  or  feeding  carrots  exclusively.  ,-^-»ac- 

According  to  Metchnikoff  the  presence  of  acid-producing  ^^^g, 
teria  in  the  intestine  inhibits  the  growth  of  putrefactive  ^or^^^fo, 
Torrey  has  shown  that  flooding  the  intestine  with  soluble  car^  ^y, 
hydrate,  especially  lactose,  increases  the  ratio  of   the  acid-j^^^ 
ducing  to  the  putrefactive  bacteria.    This  is  in  line  with  the  f^^^pi 
that  the  ingestion  of  soluble  carbohydrate  changes  the  reaction  ^^^^^ 
the  rabbit's  intestine  from  alkaline  to  acid.    Perhaps  it  is  the  ^C^^^  ^ 
reaction  of  the  intestinal  contents  that  inhibits  the  growth    ^^-^^^P^ 
putrefactive  bacteria.    Exercise,  by  causing  more  rapid  absorptic::::^^^^^^^>JB' 
of  water  from  the  intestine,  may  decrease  the  growth  of  bacteri^J 
whereas  in  diarrhea  the  increased  fluidity  increases  bacterial  gro^ 

Besides  the  common  bacteria  of  the  intestine  just  mention 
that  are  always  present,  and  whose  relative  numbers  depend  oi 
the  soluble  carbohydrates  present,  other  bacteria  that  are  normall; 
absent  appear  as  ijofections,  as,  for  example,  the  typhoid  and  para 
typhoid  group.    It  seems  possible,  also,  that  other  less  virulent, 
unidentified  bacteria  may  play  a  part  in  altering  the  normal  con- 
ditions of  nutrition. 

Cooking.  In  Thje  Complete  Cook,  1805,  which  is  the  revised  and 
corrected  edition  of  The  Frugal  Housewife,  the  following  sentence 
may  be  foimd  in  the  preface:  "The  chief  excellence  of  all  cookoy 
consists  in  a  perfect  acquaintance  with  the  making  of  gravies  and 
sauces."  That  is  not  the  aspect  of  cooking  to  which  reference  will 
be  made.  The  natural  flavors  of  foods  with  the  addition  of  sah, 
which  is  a  necessary  ingredient  of  the  diet,  should  be  suflSciently 
attractive  to  the  hungry  man.  The  necessity  of  cooking  lies  in 
two  circumstances:  (1)  it  is  necessary  to  gelatinize  the  starch  in 
starchy  foods  in  order  to  make  it  utilizable  and  (2)  it  is  desirable  to 
kill  certain  pathogenic  organisms  or  destroy  bacterial  toxins  when 
present.  Most  starches  gelatinize  in  water  of  70°  C.  in  a  few 
moments,  and  prolonged  cooking  is  only  necessary  in  case  the  food 
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is  so  dry  that  prolonged  soaking  is  necessary  to  wet  it  (and  the 
heat  merely  shortens  the  time  necessary  to  soak  it).  Cooking 
softens  food  so  that  it  is  easier  to  chew,  but  that  may  not  be  wholly 
desirable.  If  it  is  desired  to  gelatinize  collagen  a  high  temperatm^ 
or  prolonged  dm*ation  is  necessary,  but  gelatin  is  too  deficient 
a  protein  to  be  much  sought  after. 

Many  persons  who  would  not  eat  a  rare  steak  see  no  necessity 
in  cooking  canned  goods.  From  the  standpoint  of  danger  from 
bacterial  agencies,  however,  it  is  more  necessary  to  sterilize  pre- 
served foods  than  fresh  ones.  Many  cases  of  botulism  are  due  to 
eating  canned  foods  or  tasting  them  to  see  whether  they  are  spoiled, 
and  it  is  stated  that  cooking  destroyes  the  toxin  of  Bacillus  botulinus. 
Since  cooking  reduces  the  vitamine  content  of  foods  any  unneces- 
sary cooking  is  to  be  discouraged.  Fresh  foods  if  kept  clean  should 
be  eaten  raw  or  rare,  whereas  preserved  foods,  as  a  rule,  should 
be  cooked.  Pork  and  fish  should  be  sterilized  because  they  are 
liable  to  contain  parasites  that  escape  detection.  Mixtures  of 
meat  and  vegetables  should  not  be  allowed  to  remain  long  uncooked, 
because  numerous  spore-bearing  bacilli  on  the  vegetables  multiply 
rapidly  in  the  meat  juices. 

Many  persons  object  to  visible  fat  in  cooked  food;  in  fact,  some 
cooks  remove  fat  horn  the  surface  of  soup  with  blotting  paper. 
Fried  foods  are  said  to  upset  delicate  stomachs,  and  this  has  been 
attributed  to  the  action  of  heat  in  setting  free  fatty  acids.  It  has 
been  shown,  however,  by  the  War  Committee  of  the  Royal  Society 
that  free  fatty  acids  in  relatively  large  quantities  may  be  eaten 
without  disagreeable  effects.  Perhaps  the  irritant  action  of  some 
fried  foods  may  be  due  to  the  formation  of  acrolein.  Since  this 
occurs  only  in  case  the  temperature  is  raised  to  300°  C,  there  is 
no  necessity  for  it.  The  fat  of  all  foods  should  be  eaten  as  an 
economical  measure. 

Food  Preservation.  The  most  ancient  and  widely  used 
method  of  food  preservation  is  by  desiccation.  The  seeds  of  plants 
are  usually  desiccated  before  they  are  gathered  for  food.  The 
desiccation  of  root  vegetables  was  practised  by  various  savage 
tribes  and  the  drying  of  meat  and  fish  was  perhaps  as  common  a. 
practice.  Hawk  calls  attention  to  the  fact  that  dehydrated  vege- 
tables when  soaked  up  again  hold  their  water  much  less  tenaciously 
than  fresh  vegetables  do.  This  has  been  known  as  a  character- 
istic difference  between  live  and  dead  tissue,  and  the  living  state 
is  associated  with  electrical  polarization  of  the  cell  siurfaces,  which 
i¥ould  partially  explain  the  holding  of  water.  In  fact,  it  is  the 
tenacity  with  which  foods  hold  to  water  that  adds  largely  to  the 
cost  of  dried  foods.  In  the  drying  of  prunes,  decomposition  usually 
takes  place  unless  the  prunes  are  first  dipped  in  an  alkaline  solution, 
so  as  to  make  them  permeable  to  water.  In  the  desiccation  of 
tissue  for  biochemical  analyses  it  has  long  been  known  that  decom- 
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position  of  phosphatides  and  oxidation  of  unsaturated  fatty  acids 
occurs  if  the  moist  or  dried  tissue  is  exposed  to  air,  and  similar 
decomposition  must  occur  in  dried  foods. 

Various  forms  of  pickling  and  preserving  in  which  the  ad(Ution 
of  salt  or  sugar  occurs  is  similar  to  drying,  in  that  the  antiseptic 
action  of  salt  and  sugar  is  partially  due  to  their  dehydrating  effect 
on  bacteria.  The  use  of  other  antiseptics  is  so  limited  as  to  be  o( 
minor  importance. 

The  process  of  canning  might  be  considered  next  to  refrigeratiot^ 
in  excellence  as  a  method  of  preserving  food,  but  unfortunately* 
complete  sterilization  and  exclusion  of  air  does  not  alwaj's  occ^* 
In  the  canning  of  milk,  partial  desiccation  is  also  performed. 

In  the  process  of  cold  storage,  vegetables  and  fruits  ra^^^ 
alive,  and  it  is  claimed  that  fish  may  be  kept  alive  in  cold  stof^^^ 
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by  the  Pictet  process.    The  growth  of  penicillium  on  beef  in 
storage  hastens  ripening  and  the  beef  does  not  become  toxic  u 
the  taste  changes  to  musty  or  bitter.    Beef  is  the  best  meat  for 
storage  on  account  of  its  large  size  and  low  water  content 
mechanical  density,  which  inhibit  the  penetration  of  microorgani: 
Cold  storage  is  the  only  method  of  food  preservation  that  maintai 
the  total  vitamine  content. 

Proteins,  Fats,  Carbohydrates,  Salts  and  Water.    T 
protein  factor  in  nutrition  has  been  so  exhaustively  treated 
Osborne  and  Mendel  and  others  that  it  cannot  be  reviewed  b 
A  a  general  rule  animal  proteins  are  more  complete  in  amino-aci 
content  than  are  those  of  vegetable  origin.    According  to  Gol 
berger,   Wheeler   and   Sydenstriker,   families   in   which   pell 
occurred  consumed  3  ounces  of  protein  per  man  per  day,  but  onl 
25  per  cent,  of  it  was  animal  protein.    Since  a  nitrogen  balam 
may  be  maintained  in  skinny  individuals  on  less  than  3  ounces  or:^ 
protein  per  day,  we  may  assiune  that  3  ounces  is  sufficient,  pr 
vided  it  is  all  animal  protein;  but  that  in  case  of  mixed  proteins 
and  in  the  absence  of  more  definite  knowledge,  it  is  not  wise  to  mak< 
a  special  effort  to  limit  the  protein  intake.   Under  modem  conditio: 
there  seems  to  be  no  defence  for  vegetarianism.    Clark  finds  a 
protein  diet  increases  the  rate  of  healing  of  wounds.    It  is  also  usef 
in  case  of  profuse  pus  formation  to  replace  the  lost  protein. 

In  addition  to  the  fact  that  some  fats  contain  vitamines,  fats 
are  necessary  in  the  diet  to  decrease  its  bulk.  In  a  diet  of  3000 
calories  it  would  require  10  pounds  of  potatoes  or  other  vegetables 
or  fruits  for  the  three  meals,  and  if  we  include  the  saliva  and  other 
fluid  swallowed  and  the  gastric  juice  secreted  the  stomach  would 
receive  a  load  of  about  8  pounds  per  meal  (not  all  at  once,  however). 
Hardtack  would  be  less  bulky,  but  would  increase  salivation  and 
thirst.  The  Interallied  Scientific  Food  Commission  fixed  the 
minimimi  fat  ration  at  75  grams. 

So  far  as  investigations  have  progressed,  muscular  work  depends 
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on  a  supply  of  carbohydrate  (compare  Anderson  and  Lnsk).  In 
the  absence  of  carbohydrate,  fat  is  incompletely  oxidized  (for  heat 
production)  and  yields  products  that  may  be  toxic.  Both  man  and 
the  dog  may  live  for  considerable  periods  without  carbohydrate 
in  the  food  and  probably  depend  for  muscular  energy  on  the 
carbohydrate  radicle  of  phosphatides  and  glycoproteins  and  espec- 
ially on  the  synthesis  of  glucose  from  glycerin  and  deaminized 
amino-acids;  but  there  seems  to  be  no  advantage  in  such  a  diet. 
The  flooding  of  the  intestine  with  soluble  carbohydrate  retards 
putrefaction  of  proteins. 

Salts  are  necessary,  but  since  all  factors  causing  their  excretion 
have  not  been  thoroughly  investigated  the  minimum  requirement 
is  uncertain.  Sodium  chloride  should  be  added  to  food,  but  it  seems 
probable  that  the  other  salts  are  present  in  a  mixed  diet  in  sufficient 
quantity.  Since  milk  and  fresh  vegetables  that  are  rich  in  salts 
are  also  rich  in  vitamines  that  cause  relative  retention  of  salts,  all 
that  can  be  said  b  that  milk  and  fresh  vegetables  are  advantageous, 
and  we  are  not  justified  in  substituting  an  inorganic  salt  mixture 
for  them.  No  harm  can  arise,  however,  in  the  addition  of  such  a 
mixture  to  an  apparently  adequate  diet. 

The  necessity  of  water  in  the  diet  needs  no  comment,  and  Hawk 
Uid  his  collaborators  have  shown  that  no  ill-e£Fects  follow  water- 
Irinking  at  meals.  The  salt  content  of  drinking  water  is  usually 
Insignificant,  and  the  arguments  for  lithia  water  have  been  shown 
o  be  fallacious. 

Vitamines.  Owing  to  the  fact  that  differences  of  opinion  exist 
imong  investigators  as  to  the  nimiber  of  vitamines,  the  classifica- 
ion  made  by  the  British  Committee  on  Accessory  Food  Factors 
viU  be  followed.  Hopkins  studied  "Accessory  factors  in  food." 
?uiik  called  these  vitamines,  and  McCollimi  and  Kennedy  claim 
Jiere  are  only  two  vitamines,  which  they  call  fat-soluble-A  and 
ivater-soluble-B.  Drummond  refers  to  the  antiscorbutic  factor 
is  water-soluble-C.  McCollum  and  Kennedy's  A-f actor  is  also 
called  fat-soluble  or  antirachitic  vitamine,  and  their  B-factor 
.s  called  antineuritic  vitamine,  whereas  Drummond's  C-factor  is 
osually  called  antiscorbutic  vitamine. 

The  fat-soluble  or  antirachitic  vitamine  is  very  abundant  in 
yellow  fats  of  animal  origin.  It  is  deficient  in  pig  fat  because  the 
pig  eats  few  leaves,  and  in  hydrogenated  or  hardened  fats  and  free 
Fatty  acids  because  it  is  destroyed  by  the  heat  and  chemical  agents 
used  in  manufacture.  It  is  deficient  in  vegetable  fats  except  per- 
haps in  peanut  oil.  It  is  synthesized  in  green  leaves,  and  carnivorous 
■^Tiimftla  depend  for  their  supply  on  the  bodies  of  grazing  animals 
in  which  it  has  been  extracted  from  the  green  leaves  eaten  and 
stored  in  the  body  fats.  It  is  abundant  in  the  germ  of  seeds,  espec- 
ially yellow  seeds  but  deficient  in  degerminated  cereals.  It  is  present 
in  potatoes,  carrots  and  bananas,  being  most  abundant  in  the 
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yellow  colored  roots  (carrots  and  sweet  potatoes).  According  to 
McCollum  the  milk  of  cows  is  richer  in  fat-«oluble-A  when  more  is 
present  in  the  cow's  food.  According  to  Osborne  and  Mendel, 
1916,  this  vitamine  is  not  destroyed  in  butter  fat  by  storage  for  a 
year.    According  to  Drummond,  fat^soluble-A  is  not  carotin. 

The  antineuritic  vitamine  seems  to  be  most  concentrated  in  the 
seeds  of  plants  and  eggs  of  animals.  In  cereals  it  is  present  in  the 
germ  but  absent  in  the  endosperm  and  bran  (unless  the  bran  con- 
tains the  germ.  It  is  abundant  in  yeast  and  in  animal  gland  tissue, 
but  muscle  tissue  and  milk  do  not  contain  an  oversupply.  Both 
leaf  and  root  vegetables  and  fruits  contain  it  in  small  amounts. 
Cooking  reduces  the  quantity  of  this  vitamine.  As  first  observed 
by  Frazier  and  Stanton  the  content  of  food  products  from  the 
same  source  in  thb  vitamine  runs  parallel  to  the  phosphorus  con- 
tent. According  to  Voegtlin  and  Myers,  both  antineuritic  and  fat- 
soluble  vitamines  of  wheat  and  com  products  run  parallel  to  the 
phosphorus  content. 

The  antiscorbutic  vitamine  seems  to  be  present  in  all  living 
tissue  and  fresh  food,  and  is  especially  abundant  in  acid  fruits, 
tomatoes,  cabbage  and  turnips.  It  is  more  or  less  abundant  in  all 
fresh,  raw  vegetables.  It  is  very  sensitive  to  alkali,  heat,  desic- 
cation and  storage  at  ordinary  temperatures,  and  hence  is  deficient 
in  cereals  and  dried  or  canned  meat  and  vegetables,  except  canned 
tomatoes.  The  acid  in  tomatoes  and  fruits  seems  to  protect  it 
during  the  heating  and  it  is  useful  to  class  tomatoes  with  fruits,  as 
is  done  by  Britbh  writers.  It  is  present  in  milk  in  small  amounts. 
Dutcher  has  shown  that  young  guinea-pigs  grow  better  and  are 
healthier  on  milk  from  a  cow  on  green  ieed  than  of  a  cow  on  dry 
feed.  Scurvy  developed  very  quickly  on  winter  milk,  but  did  not 
develop  (in  the  same  length  of  time)  on  summer  milk.  The  milk 
was  skimmed  in  both  cases  to  prevent  diarrhea.  This  indicates  that 
the  antiscorbutic  vitamine  in  milk  depends  on  that  in  the  cows'  feed, 
and  may  explain  why  some  breast-fed  babies  have  sciurvy  if  the  food 
of  the  mother  is  deficient  in  antiscorbutics. 

VriAMiNE  Requirements  and  Deficiency  Diseases.  Since 
the  composition  of  vitamines  is  unknown  and  their  distribution 
among  foodstuffs  is  known  only  in  a  general  way,  it  is  not  yet 
possible  to  work  out  the  vitamine  requirements  with  even  as  much 
certainty  as  has  been  done  in  the  case  of  food  constituents  of  known 
composition.  Experiments  on  animals  and  observations  on  man 
indicate  that  vitamine  deficiency  manifests  itself  more  slowly  the 
longer  the  average  life  (in  different  species)  and  the  more  mature 
the  individual  (in  the  same  species).  It  is  also  necessary  to  know 
that  the  individual  has  been  getting  an  adequate  supply  of  vitamines 
before  the  beginning  of  the  experiment  m  order  to  determine  the 
duration  of  vitamine  deficiency  that  it  can  stand.  Even  with  this 
precaution,  variations  in  results  may  be  obtained  owing  to  lack  of 
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knowledge  of  the  degree  of  vitamine  deficiency  in  the  food.  At 
present  the  vitamine  content  of  foods  can  only  be  determined  by 
the  quantity  of  the  food  necessary  to  prevent  or  cure  deficiency 
dbeases.  Hence  the  vitamine  requirement  may  be  estimated  only 
in  terms  of  the  proportion  of  vitamine-containing  foods  required 
in  the  diet. 

That  the  deficiency  diseases  are  due  to  lack  of  vitamines  can  be 
determined  only  by  ihe  method  of  exclusion.  Almost  every  imagin- 
able cause  has  been  attributed  to  the  deficiency  diseases,  and  some 
causes  have  been  proposed  that  it  is  impossible  for  me  to  imagine. 
For  instance,  scurvy  has  been  attributed  to  lack  of  ionization  of  the 
salts  in  the  food  due  to  staleness,  and  it  is  impos^ble  for  me  to 
imagine  a  lack  of  ionization  of  these  salts  in  food  that  has  been  eaten, 
and  certainly  food  will  not  hurt  you  if  you  do  not  eat  it.  Sfcurvy 
has  been  attributed  to  an  acid-forming  diet,  but  McClendon,  Cole, 
Engstrand  and  Middlekauff  have  shown  that  this  factor  is  not 
responsible  for  scurvy.  The  germ  theory  of  these  diseases  will 
probably  be  popular  for  a  long  time,  since  bacteria  are  always 
present,  waiting  for  an  opportunity  to  hasten  the  death  of  a  weak- 
ened individual.  It  is  therefore  useful  for  purposes  of  discussion 
to  include  among  deficiency  diseases  those  that  have  been  cured  in 
the  presence  of  a  vitamin  rich  diet  and  have  not  been  cured  in 
the  absence  of  such  a  diet.  We  will  consider  deficiency  diseases 
of  infants  and  adults. 

Rickets  is  perhaps  the  most  common  deficiency  disease,  frequently 
occurring  in  breast-fed  infants.  To  quote  a  book  written  before 
Funk's  ideas  of  vitamines  were  generally  known,  Miller  states  that, 
without  doubt,  rickets  is  to  be  regarded  as  a  dietetic  disease,  and 
considers  deficiency  of  butter  fat  as  the  most  constant  and  potent 
cause.  In  treatment,  among  other  things,  he  recommends  milk, 
cream,  butter,  egg  yolk  and  cod-liver  oil.  These  fats  are  especially 
rich  in  the  antirachitic  vitamine.  Since  the  bones  are  softened  in 
rickets  the  child  may  not  be  able  to  take  proper  exercise  or  go  out 
into  the  fresh  air,  hence  the  view  that  rickets  is  due  to  lack  of 
exercise  or  fresh  air.  The  mother's  milk  might  be  suflScient  in  anti- 
rachitic vitamine,  and  yet  the  child  may  have  rickets,  due  to  the 
fact  that  it  was  weaned  too  soon.  The  Fijians,  who  included  some 
of  the  finest  specimens  of  physical  development  in  the  human  race, 
nursed  their  infants  for  three  years,  and  as  the  mother's  milk  be- 
came deficient  in  quantity,  supplemented  it  with  bananas.  Rarely 
a  mother  in  this  country  nurses  her  children  for  three  years,  but  in 
savage  Fiji  it  was  a  religious  custom,  and  the  taboo  was  placed 
on  the  mother  in  order  to  prevent  the  interference  of  the  father. 
The  prevalence  of  rickets  among  negroes  may  be  due  to  the  fact 
that  the  mother's  diet  of  com  bread  and  fat  pork  is  deficient  in 
antirachitic  vitamine.  The  British  Committee  base  their  state- 
ments concerning  rickets  on  the  experiments  of  Mellanby  on  pups. 
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Hess  and  Unger  failed  to  cure  rickety  babies  on  cream,  but  did  so 
on  cod-liver  oil. 

Xeropthalmia,  keratomalacia  or  xerosis  conjunctivas  infantum^ 
an  eye  disease  of  infants  that  has  been  especially  prevalent  in  the 
Scandinavian  and  other  European  countries  during  the  war,  is  due 
to  lack  of  antirachitic  vitamine,  the  deficiency  probably  being 
greater  than  that  required  to  produce  rickets.  It  is  accompanied 
by  diarrhea.  Sztark  cites  a  case  that  developed  after  an  exclusive 
diet  of  pea  soup  for  fifteen  months,  and  was  cured  in  ten  days  on  a 
diet  of  cows'  milk. 

Infantile  beriberi  occurs  in  infants  nursing  from  mothers  who  have 
the  disease,  and  whose  milk  is  consequently  deficient  in  antineuritic 
vitamine. 

Infantile  scurvy  is  due  to  deficiency  of  antiscorbutic  vitamine. 
To  quote  again  from  ''previtamine  literature"  Miller  states  that 
the  opinion  most  commonly  held  is  that  scurvy  is  caused  by  a  diet 
which  through  sterilization  has  been  deprived  of  its  "fresh  element" 
and  recommends  orange  and  grape  juice  in  its  treatment.  The 
fact  that  scurvy  may  occur  in  breast-fed  infants,  indicates  vari- 
ations in  the  antiscorbutic  content  of  milk. 

Marasmus  is  often  considered  a  dietetic  disease.  Miller  states 
that  not  seldom  the  child  has  thrived  on  the  breast  for  a  month  or 
two,  and  has  then  been  weaned  in  order  that  the  mother  may  go 
out  to  work,  and  from  that  time  has  gradually  wasted.  Eddy  and 
Roper  claim  that  the  addition  of  a  powder  rich  in  vitamines  to  the 
cereal  food  of  marasmic  babies  increased  tissue  growth.  Vitamines 
are  certainly  necessary  for  growth,  but  so  are  other  food  con- 
stituents. 

Since  the  question  of  growth  has  been  referred  to,  perhaps  it  is 
well  to  remember  that  for  normal  growth  there  is  necessary  not  only 
vitamines,  but  also  the  secretions  of  ductless  glands.  It  is  well- 
known  that  the  size  of  the  ductless  glands  is  greatly  affected  in 
deficiency  diseases  in  man  and  animals.  According  to  McCarrison, 
deficiency  of  vitamines  in  the  diet  leads  to  abnormalities  in  the 
secretion  of  the  ductless  glands.  We  know  that  iodin  in  the  food 
is  necessary  for  the  normal  functioning  of  the  thyroid,  and  it  is 
possible  to  imagine  unknown  constituents  of  the  diet  that  may  be 
necessary  for  the  ductless  glands. 

Pellagra  may  occur  in  breast-fed  infants  whose  mothers  have 
the  disease,  but  it  usually  takes  a  long  time  to  develop. 

Deficiency  diseases  of  adults  may  be  different  f]x>m  those  of 
infants,  because  growth  is  complete,  although  many  of  these  dis- 
eases characteristic  of  adults  occur  also  during  adolescence  or 
infancy. 

War  edema,  also  called  famine  edema  or  hunger  edema,  has 
been  ascribed  to  lack  of  the  antirachitic  or  fat-soluble  vitamine,  or 
other  element  in  the  diet.    The  fat  content  of  the  diet  in  war  edema 


mcclendon:  nutrition  and  pubuc  health  U 

b  not  accurately  known,  but  Guillennin  and  Guyot  state  that  the 
total  ration  was  sometunes  as  low  as  800  calories,  and  it  contained 
a  very  small  proportion  of  fat,  and  that  a  decrease  of  40  per  cent, 
in  body  weight  was  common.  Park  has  shown  that  it  is  readily 
cured  by  a  return  to  the  normal  diet.  War  edema,  or  famine  edema, 
as  it  is  more  often  called,  is  not  a  new  disease.  Lusk  refers  to  an 
account  of  it  in  Prance  in  1817,  just  100  years  previous  to  the  late 
outbreak  in  Germany  and  other  European  countries  and  Mexico. 
He  also  states  that  cases  were  cured  in  a  week  by  the  addition  of 
100  grams  of  fat  to  the  ration.  It  is  stated  that  edema  occurs  when 
there  is  a  decrease  in  blood-plasma  proteins,  and  hence  that  decrease 
in  protein  in  the  diet  may  cause  edema.  A  diet  of  800  calories 
fed  prisoners  is  naturally  deficient  in  protein.  The  scorbutic 
symptoms  observed  by  Beyerman  in  famine  edema  suggest  scurvy 
or  a  complication  of  scurvy.  He  states  that  the  edema  was  cured 
by  adding  vegetables  to  the  diet.  Edema  occurs  in  various  defi- 
ciency diseases,  and  hence  some  confusion  may  arise  in  the  classi- 
fication, but  the  large  nimiber  of  cases  of  war  edema  that  have 
occurred  recently,  indicate  that  it  is  a  separate  disease.  Schitten- 
helm  and  Schlecht  observed  decrease  in  blood  proteins  in  war  edema. 

Beriberi  is  a  form  of  multiple  peripheral  neuritis  caused  by  a 
deficiency  of  antineuritic  vitamine,  and  is  most  prevalent  in  rice- 
eating  countries.  Wet  beriberi  is  accompanied  by  edema,  but 
in  dry  beriberi  this  is  substituted  by  atrophy.  As  is  often  the  case 
in  deficiency  diseases,  there  may  be  gastro-intestinal  disturbances. 
The  principal  cause  is  too  exclusive  a  diet  of  polished  rice,  and 
according  to  Eraser  and  Stanton,  the  substitution  of  undermilled 
rice,  containing  at  least  0.4  per  cent,  of  phosphorus,  prevents  the 
disease.  It  may  be  caused  by  too  free  use  of  any  degerminated 
cereal.  The  addition  of  canned  goods  to  the  diet  may  not  prevent 
it.  There  is  apparently  not  enou^  yeast  in  bread  to  prevent 
beriberi.  Beans  and  peas  are  perhaps  the  most  useful  preventives. 
In  the  treatment  of  the  disease,  extract  of  rice-polishings  and  fresh 
yeast  or  autolyzed  yeast  have  been  used.  Punk,  Lyle,  McCoskey, 
Caspe  and  Poklop  observed  a  mild  glycosuria  in  man  on  a  diet  of 
white  bread  and  polished  rice. 

Scurvy  was  perhaps  the  first  deficiency  disease  to  be  recognized 
as  such.  Captain  Cook  showed  that  it  could  be  prevented  by  the 
use  of  fresh  vegetables.  Nansen  and  Johansen  passed  a  winter 
on  an  exclusive  meat  and  fat  diet  without  scurvy.  Stefansson 
claims  to  have  cured  cases  of  scurvy  by  a  raw  meat  diet.  Appar- 
ently all  fresh  foods  have  traces  of  antiscorbutic  vitamine.  The 
juice  o|  sweet  limes  or  lemons  is  especially  rich  in  this  vitamine, 
and  this  fact  has  led  to  the  development  of  a  large  industry  for 
bottling  lime  juice.  This  preparation  was  not  tested  until  recently, 
and  was  then  foimd  to  be  deficient.    By  some  mistake,  sour  limes 
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have  been  substituted  for  the  curative  sweet  limes,  and  the  lime 
juice  of  commerce  does  not  come  up  to  expectations. 

Pellagra  was  called  alpine  scurvy  by  Italians,  and  has  been 
shown  by  Goldberger  to  be  a  deficiency  disease.  By  definition  the 
disease  is  characterized  by  a  symmetrical  dermatitis,  especially 
of  those  parts  exposed  to  the  sun,  but  this  is  not  its  most  serious 
characteristic.  The  worst  features  of  beriberi,  scurvy  and  pellagra 
are  the  e£Fects  on  the  nervous  system.  The  hemorrhages  in  pellagra 
are  in  the  nervous  system,  whereas  in  scurvy  they  are  general 
(and  may  occur  in  the  meninges).  Sundwall  has  shown  that  the 
tissue  changes  in  pellagra  are  not  specific,  but  are  similar  to  those 
in  animals  on  inadequate  diets.  In  beriberi,  pellagra  and  scurvy 
gastro-intestinal  disorders  are  present.  In  pellagra  edema  is  ex- 
tremely localized,  in  scurvy  it  is  associated  with  hemorrhage  and 
in  wet  beriberi  it  is  more  general.  Pellagra  is  of  very  wide  distri- 
bution and  may  be  worldwide.  Since  a  patient  with  peUagra  may 
live  ten  years,  it  is  probably  not  due  to  complete  absence  of  any 
dietetic  constituent  but  to  a  slight  deficiency.  Whether  this  is  a 
vitamine  or  an  amino-acid,  or  both,  has  not  been  determined. 

Trench  foot  is  attributed  by  Bruntz  and  Spillmann  to  lack  of 
vitamines  associated  with  life  in  the  trenches,  the  predisposing 
cause  being  the  diet,  and  the  water-filled  trenches  causing  the 
acute  symptoms  in  the  feet. 

Sprtie  was  classed  as  a  deficiency  disease  by  Cantlie,  who  found 
scurvy  in  some  cases.  Brown  states:  ''  In  the  open  alluvial  workings 
of  a  tin  mine  in  the  East  Indies  all  of  the  employes  are  exposed  to 
the  same  atmospheric  conditions.  The  Chinese  coolie  is  stricken 
with  beriberi,  his  European  overseer  with  sprue.  In  no  essential 
condition,  even  in  that  of  diet,  are  the  circimistances  of  their  daily 
life  materially  different.  The  treatment  of  sprue  is  essentially  diet- 
ary. A  milk  diet,  a  raw  fruit  diet,  a  milk  and  fruit  diet  or  a  raw  or 
rare  meat  diet  is  used.    In  any  case  the  diet  contains  vitamines. '' 

Vitamines  and  Appetfie.  In  all  animal  experiments  on  a 
vitamine-deficient  diet  loss  of  appetite  occurs.  With  human  beings, 
psychological  factors  may  enter  in  so  as  to  make  it  diflScult  to  per- 
form clean-cut  experiments  on  this  subject,  yet  the  final  loss  in 
tissue  substance  in  all  deficiency  diseases  suggests  that  the  appetite 
has  been  affected.  We  know  that  pure  proteins,  fats  and  starches 
have  no  taste,  but  we  do  not  know  whether  vitamines  have  flavor. 
We  do  know,  however,  that  the  taste  of  milk  changes  on  boiling 
and  the  taste  of  many  foods  changes  by  canning  or  drying.  Why 
is  it  that  some  persons  have  been  known  to  defy  the  cholera  germ 
for  a  raw  oyster  and  the  typhoid  germ  for  a  salad,  and  to  give  their 
lives  for  a  momentary  tickling  of  the  palate?  There  must  be  some 
great  advantage  in  fresh  foods  or  else  the  desire  for  them  would  be 
eliminated  by  natural  selection.  To  the  clothes-moth  the  age  of 
food  seems  to  make  little  difference,  but  when  a  man  sits  down  to 


^^ 


l^\ 


I>id 
— i-i- 

i»  a 

lof 


^.e 
id 


o 

Ml 

1 


MCCLENDON:  miTRITION  AND  PUBLIC  HEALTH  13 

s  meal  of  storage  eggs,  canned  milk,  jerked  beef  and  hardtack  it 
xequires  considerable  hunger  to  whet  the  appetite.  This  craving 
ior  fresh  food  has  probably  saved  more  lives  than  are  killed  by 
^rms.  The  human  race  has  existed  for  some  time  prior  to  the 
^vent  of  food  chemistry,  and  most  people  live  nowadays  without 
the  aid  of  that  science.  Unquestionably  the  appetite  has  played 
some  part  in  the  preservation  of  the  race.  It  seems  probable  liiat 
ihe  person  who  is  presented  with  an  adequate  choice  of  natural 
ioods  from  infancy  will  choose  an  adequate  diet,  and  that  the  cause 
of  the  deficiency  diseases  is  that  an  adequate  choice  of  foods  is  not 
always  supplied  to  the  table.  In  the  case  of  animals  this  question 
has  been  tested.  Eward  allowed  pigs  free  choice  among  a  variety 
of  foods,  and  in  this  way  produced  the  largest  pig  for  its  age  that 
was  ever  raised  at  the  Iowa  Experiment  Station.  A  more  rigorous 
experiment  was  made  by  Osborne  and  Mendel,  since  they  did  not 
use  natural  foods  but  purified  components  made  into  a  biscuit.  A 
rat  presented  with  a  more  and  a  less  adequate  biscuit  might  eat 
for  a  few  days  from  the  less  adequate,  but  finally  showed  preference 
to  the  more  adequate  diet.  These  experiments  did  not  refer  to 
vitamines  exclusively,  but  they  show  that  an  inadequate  diet  results 
in  some  change  in  the  appetite. 

Food  SuBsrrrxjriON.  According  to  Steenbock,  fat-soluble-A  is 
more  abundant  in  yellow  foods  than  in  corresponding  white  ones. 
Yellow  com  contained  more  than  white  com,  yellow  oleo  oil  more 
than  white  fat  separated  from  the  same  adipose  tissue,  yellow 
sweet  potatoes  more  than  white  potatoes.  The  artificial  coloring 
of  butter  may  therefore  deceive  us  as  to  its  vitamine  content.  With- 
out doubt  the  operation  of  the  Pure  Food  and  Dmgs  Act  and  the 
work  of  the  laboratories  operating  under  this  law  have  been  of 
inestimable  advantage  to  the  public.  Food  chembtry  has  not 
reached  a  sufficient  stage  of  development  to  be  relied  on  exclusively 
in  questions  of  food  substitution.  Feeding  tests*  are  necessary, 
and  the  preference  of  the  public  for  natural  products,  on  which 
feeding  tests  have  been  made  by  the  human  race,  is  well  grounded. 
The  work  of  food  fakirs  has  been  insidious.  Take  the  question  of 
oleomargarin.  The  early  products  coming  under  this  label  in  this 
country  contained  a  large  percentage  of  oleo  oil,  which  is  rich  in  the 
fat-soluble  vitamine.  Little  by  little  the  proportion  of  such  oleo- 
margarins  has  decreased  and  perhaps  the  majority  of  oleomargarins 
today  are  made  from  cottonseed  and  cocoanut  oils  and  are  defi- 
cient in  fat-soluble  vitamine.  Galicians  eat  lard  on  their  bread, 
but  it  is  said  that  the  black  bread  they  use  contains  some  fat-soluble 
vitamine  from  the  rye  germ.  Negroes  have  a  particular  fondness 
for  pork  fat  and  white  commeal  bread,  and  this  may  be  the  chief 
cause  of  the  prevalence  of  rickets  in  negro  babies,  since  the  diet  of 
the  mother  does  not  contain  enough  fat-soluble  vitamine  to  be 
transmitted  to  the  milk.    In  a  milk-canning  factory  in  this  country, 
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skimmed  milk  and  vegetable  oils  were  run  through  a  homogenizer 
and  canned  as  milk  compound.  The  cook  may  see  the  label  on  the 
artificial  milk  or  butter,  but  the  defenceless  boarder  does  not  even 
have  the  satbfaction  of  reading  his  sentence.  Another  deception 
is  the  soaking  of  dried  green  peas  in  water  and  then  canning  tiiem. 
The  Pure  Food  and  Drugs  Act  does  not  allow  the  picture  of  a  pea- 
vine  to  be  placed  on  these  cans,  but  the  average  consumer  is  not 
familiar  witii  such  distinctions  in  labels. 

In  natural  foods  a  sweet  taste  is  associated  with  fruits  that  are 
rich  in  antiscorbutic  vitamines.  If  we  may  suppose  that  the  taste 
for  sweets  is  inherited,  our  savage  ancestors  may  have  eaten  raw 
fruits,  just  as  the  monkeys  in  the  jungle  do  nowadays.  Most  of 
the  sweet  food  and  drinks  of  modem  man  are  made  from  sugars 
and  molasses  and  honey  that  are  free  from  vitamines.  Coffee  and 
its  substitutes  and  tea,  malted  or  distilled  liquors,  wines  and  car- 
bonated drinks  with  synthetic  flavors  are  deficient  in  vitamines. 

I  ordered  a  meal  in  a  "ipure  food  restaurant"  and  received 
various  fake  dishes,  including  an  imitation  beafsteak  made  of 
degerminated  cereals.  The  fact  that  we  use  milk  with  cereals  is 
probably  what  saves  us  from  disaster.  One  is  reminded  of  the  old 
story  of  the  soup-stone:  A  man  knocked  at  the  kitchen  door  and 
said  he  was  introducing  soup-stones.  The  stone  was  to  be  boiled  in 
water,  and  he  demonstrated  it  to  the  housewife,  suggesting  various 
ingredients  that  might  be  added  to  it.  These  were  promptly  pro- 
duced by  the  enthusiastic  housewife  and  the  man  drank  the  soup, 
leaving  her  the  stone.  Cereals  form  the  basis  of  our  diet,  but  scurvy 
develops  when  they  are  used  as  substitutes  for  potatoes  or  other 
vegetables,  as  occurred  in  Glasgow,  Newcastle  and  other  cities 
during  a  potato  shortage  during  the  war.  In  one  institution  in  the 
United  States  there  were  200  cases  of  scurvy  on  April  1,  1916, 
following  two  months'  reduction  of  the  potato  and  other  vegetable 
ration  to  one^half. 

The  Mile  Question.  The  rise  in  the  cost  of  living,  more  thfin 
the  rise  in  the  cost  of  milk  in  particular,  has  led  to  a  reduction  in 
the  consumption  of  milk  by  families  with  small  incomes.  Harris 
records  data  from  2084  families,  representing  in  nationality  and 
income  a  typical  cross-section  of  New  York  City  in  the  summer  of 
1918.  In  14  per  cent,  of  these  families  milk  was  entirely  eliminated 
from  the  children's  dietary.  McCollum  has  repeatedly  emphasized 
the  advantage  of  milk  in  the  diet.  Mendenhall  states  that  every 
child  from  eighteen  months  to  twelve  years  of  age  is  better  for 
having  one  and  a  half  pints  of  milk  in  its  daily  diet,  and  that  fluc- 
tuations in  the  demand  for  milk  or  diminished  use  of  milk  throughout 
the  country  will  inevitably  result  in  a  lessened  production,  and  that 
the  loss  of  our  herds  at  this  critical  period  would  be  a  calamity. 
Hart  and  Steenbock  call  attentionto  the  use  of  milk  as  a  supplement 
to  cereal  foods.   Milk  makes  up  the  deficiency  of  cereals  in  vitamines, 
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salts  and  certain  amino-ackis  of  the  proteins.  The  United  States 
Food  Administration  calls  attention  to  the  fact  that  milk  compares 
favorably  with  other  animal  foods  in  price  per  gram  of  protein  and 
in  price  per  calorie,  and  that  there  is  only  enough  milk  consumed 
in  this  country  to  give  each  person  a  little  more  than  half  a  pint  per 
day.  Twenty  and  more  years  ago  a  professor  of  mathematics  used 
to  tell  a  story  of  being  hard  up  in  his  college  days.  He  calculated 
that  he  would  have  ten  cents  a  day  to  spend  for  food,  and  that  the 
highest  nutritive  value  could  be  gotten  from  ten  cents'  worth  of 
milk.  Practical  experience,  however,  suggested  a  change  to  five 
cents'  worth  of  milk  for  nourishment  and  five  cents'  worth  of  mince 
pie  to  "  stay  with  "  him. 

The  duel  value  of  milk  lies  in  the  fact  that  it  b  a  complete  food 
and  does  not  require  any  balancing  of  components  or  any  pre- 
cautions to  include  the  minimum  requirement  of  any  constituent. 
I  have  never  found  a  species  of  cooks  who  would  calculate  or  weigh 
or  balance  any  food  constituents  except  under  immediate  compulsion. 
With  a  milk  diet  for  the  infant  and  a  modicum  of  milk  in  the  diet 
at  all  other  ages  the  expense  of  calculation  of  dietary  constituents 
is  eliminated,  and  milk  even  at  a  high  price  may  be  worth  buying 
in  order  to  avert  the  danger  of  malnutrition  and  doctors'  bills  or 
loss  of  efficiency.  It  is  an  open  question,  however,  whether  cows' 
Doilk  has  been  beneficial  to  infants  in  general.  During  the  famine 
resulting  from  the  siege  of  Parb  the  infant  mortality  fell  40  per  cent., 
due  to  the  fact  that  mothers  nursed  their  own  ii^ants,  A  similar 
decrease  occurred  during  the  great  Lancaster  cotton  famine,  due  to 
the  fact  that  the  mothers  could  not  work  in  the  factories  and  did 
not  have  the  money  to  buy  cows'  milk  for  the  infants.  During  the 
recent  occupation  of  Lille  by  the  Germans,  when  the  adult  popu- 
lation lost  about  40  per  cent,  in  weight,  there  was  a  reduction  in 
infant  mortality,  due  to  the  fact  that  the  mothers  nursed  their  own 
infants.  In  the  absence  of  mothers'  milk,  however,  cows'  milk  is 
the  best  food  for  infants,  but  it  b  better  to  feed  the  cows'  milk  to 
the  mother  if  she  can  nurse  her  child. 

Army  Rationing.  It  seems  probable  that  the  chief  point  of 
attack  of  faulty  nutrition  on  the  military  strength  of  a  nation  b  on 
the  infant  males.  Crooked  bones,  bad  teeth  and  other  deficiencies 
may  result  from  faulty  feeding  of  prospective  soldiers.  If  the 
soldier  going  into  action  has  a  well-nourished  body  to  begin  with  a 
short  campaign  on  very  defective  rations  may  not  lead  to  serious 
consequences.  The  protein,  fat,  mineral  salts  and  vitamines  stored 
in  the  body  may  be  drawn  on  to  make  up  the  deficiency.  It  is  often 
stated  that  the  body  cannot  store  protein,  and  it  is  true  that  protein 
is  not  stored  in  the  same  way  that  fat  b;  but  the  protein  of  the 
muscles  may  be  drawn  on  for  a  considerable  period,  as  has  been  the 
case  in  millions  of  persons  during  this  war. 

The  ration  allowed  the  army  by  Congress  has  been  subject  to 
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many  variations.  The  soldier  eats  what  he  can  get,  but  must 
necessarily  be  influenced  by  the  ration  allowance.  Duiing  the 
Revolutionary  War  conditions  were  very  variable.  In  1780  the 
American  Anny  was  increased  by  the  addition  of  the  French 
Division  (5000  men),  who  landed  from  transports  with  over  600 
cases  of  scurvy  among  the  soldiers  and  1000  cases  among  the  sailors 
after  a  voyage  of  two  months  and  nine  days. 

In  1775  fresh  milk  was  included  in  the  army  ration,  but  since 
it  could  not  always  be  supplied  a  revision  of  the  ration  was  soon 
necessary.  In  1798  Congress  fixed  the  ration  at  20  ounces  of  beef, 
18  ounces  of  bread  and  an  allowance  of  salt,  soap  and  candles. 
Food  profiteers  made  a  liberal  interpretation  of  the  words  "bread 
and  beef,"  so  that  the  Surgeon-General  thought  it  necessary  to 
report  unfavorably  on  the  results.  The  two  staple  articles  of  the 
ration  have  remained  practically  unaltered  in  quantity  until  the 
present  day,  but  later  Congresses  allowed  liquor  and  specified  sub- 
stitutes for  beef.  In  1818  the  President  was  authorized  to  make 
changes  in  the  ration  other  than  increase  in  cost,  and  in  1834  he 
substituted  co£Fee  and  sugar  for  the  liquor  component.  Temporary 
increases  for  the  period  of  the  Civil  War  were  made,  but  except 
when  raids  were  made  on  food  stores  the  nutrition  of  the  troops 
was  not  ideal.  Owing  to  the  large  proportion  of  preserved  food, 
including  flour,  salt  meat,  desiccated  vegetables,  canned  milk  and 
coffee  extract,  30,741  cases  of  scurvy  were  recorded  among  white 
troops.  In  1890  a  pound  of  fresh  vegetables  was  added  to  the  ration 
and  in  1908  the  present  garrison  ration  was  authorized,  which  is  of 
sufficient  cost  and  allows  sufficient  substitution  to  furnish  an 
adequate  diet.  The  savings  privilege  in  rationing  in  garrison, 
authorized  in  1910,  was  abused  to  such  an  extent  that  it  was  dis- 
continued April  1,  1919,  and  all  substitutes  are  purchased  through 
the  quartermaster  and  the  savings  revert  to  the  Government. 

About  the  only  data  we  have  of  the  nutritive  balance  of  our 
soldiers  are  their  weight  records.  According  to  Munson  the  average 
peace-time  recruit  gains  about  2.8  pounds  in  the  first  three  and  a 
half  months  of  military  service.  Similar  figures  for  the  National 
Army,  compiled  by  Hildebrandt,  show  a  gain  of  6.4  pounds  in  the 
first  four  months  of  military  service.  Tlie  total  gain  during  the 
war  has  been  reported  as  twelve  pounds  per  man.  Such  figures  are 
encouraging,  considering  the  fact  that  some  of  the  recruits  were 
undernourished  at  the  time  of  enlistment.  If  the  added  weight  is 
not  necessary  for  muscular  strenght  it  is  useful  in  raising  the  resist- 
ance to  disease  and  famine.  The  army  has  experimented  with  an 
emergency  ration,  consisting  of  a  dried  mass  of  chocolate,  eggs, 
milk  and  sugar  that  has  a  high  protein  and  calorific  value,  but  no 
one  has  been  able  to  eat  it  for  more  than  three  successive  days. 
When  water  only  is  available  a  reduction  of  a  pound  a  day  in  body 
weight  occurs  in  warm  weather  and  more  as  the  weather  turns 
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colder,  and  a  few  pounds  excess  body  weight  form  the  best  emer- 
gency ration,  since  accidental  loss  is  eliminated.  Owing  to  the  fact, 
however,  that  carbohydrate  is  stored  to  a  very  limited  extent  in  the 
body,  the  use  of  hardtack,  if  available,  is  advantageous. 

I  have  had  opportunity  to  compute  the  protein,  fat,  carbohydrate 
and  total  calories  per  man  per  day  in  a  large  number  of  army 
messes  and  have  studied  the  data  compiled  by  the  Food  Division, 
and  in  the  majority  of  the  few  cases  of  deficiency  noted,  have  found 
that  the  mess  sergeant  was  inaccurate  in  his  accounts  or  was  trying 
to  produce  an  impression  on  the  inspectors.  In  some  cases  the 
soldiers  and  their  mess  officers  complained  of  the  food.  The  chief 
ground  of  complaint  was  that  there  was  not  a  sufficiency  of  fresh 
fruit  and  vegetables.  I  computed  the  mineral  constituents,  and 
especially  the  acid-base  balance,  of  these  messes,  and  found  them 
usually  acid.  Certain  foods,  however,  which  yield  a  basic  ash 
(dried  beans,  for  instance)  were  served  too  frequently  to  please  the 
soldiers.  It  was  not  the  character  of  the  ash  of  die  food  which 
influenced  their  comment,  but  its  freshness.  Certain  national 
guard  companies  had  company  funds  sent  them  from  their  home 
towns.  I  found  some  of  these  companies  at  Camp  Cody,  N.  M., 
spending  thirty  cents  per  man  per  day  for  fresh  milk  and  a  more 
variable  sum  for  fresh  California  fruit.  A  certain  officer  having 
about  2200  men  in  his  command  found  inefficiency  in  one  or  more 
of  his  mess  sergeants  and  decided  to  run  the  messes  himself.  He 
made  up  bills  of  fare  for  twenty-one  meals  and  ordered  all  mess 
sergeants  in  his  command  to  use  them.  The  foods  listed  were  those 
carried  by  the  quartermaster  and  there  was  a  conspicuous  absence 
of  the  fresh  fruits  and  vegetables  of  the  local  markets.  I  found  the 
order  to  use  the  menu  evaded  more  frequently  the  farther  the  mess 
was  from  headquarters,  and  at  the  end  of  ten  days  the  scheme  was 
abandoned.  If  the  desires  of  the  soldiers  may  be  expressed  in 
chemical  terms,  they  desired  vitamines,  and  especially  antiscorbutic 
vitamines. 

Whereas  the  ration  allowance  for  soldiers  on  duty  has  been 
based  on  the  price  of  food,  and  the  same  was  originally  allowed  for 
sick  soldiers,  diuing  a  certain  period  each  base  hospital  was  allowed 
a  fixed  sum  of  money  for  each  sick  soldier  on  its  rolls.  On  June 
1, 1918,  the  ration  allowance  for  a  sick  soldier  was  fixed  at  fifty  cents. 
In  some  of  the  larger  hospitals  savings  were  made,  but  the  smaller 
hospitals  reported  that  the  allowance  was  not  sufficient.  I  have 
no  records  for  the  same  hospital  covering  a  long  period,  but  by 
combining  data  from  three  hospitals  some  comparisons  may  be 
made,  "niese  data  are  from  Camp  Pike,  Ark.,  June,  1918,  Camp 
Cody,  N.  M.,  August,  1918,  and  Camp  Fremont,  Cal.,  November, 
1918.  During  this  period  there  was  a  general  rise  in  the  cost  of  food, 
and  to  meet  this,  reductions  in  the  higher  priced  articles  of  food  were 
made.    Iii  June  13  ounces  of  fresh  meat  per  ration  were  served,  in 
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August  7  ounces  and  in  November  only  3.2  ounces.  In  June  2.5 
eggs  per  ration  were  served,  in  August  1.2  and  in  November  0.4.  At 
Camp  Fremont  from  August  1  to  September  1  the  rise  in  price  of 
fresh  eggs  was  from  52  to  89  cents  per  dozen,  of  fresh  milk  from 
23  to  40  cents  a  gallon  and  of  oranges  from  6  to  13  dollars  a  crate. 
At  the  end  of  this  period  the  fixed  allowance  was  superseded  by  a 
sliding  scale  system  based  on  the  local  cost  of  the  garrison  ration 
plus  a  certain  percentage  that  was  greater  the  smaller  the  hospital. 

The  above  remarks  apply  to  the  army  in  this  country,  but  the 
United  States  troops  in  other  countries  have  not  always  fared  so 
well.  Beriberi  among  the  Philippine  scouts  gave  occasion  for  an 
order  that  the  meat  ration  was  to  be  eaten  and  that  the  rice  was 
to  be  undermilled  (Chamberlain).  Riddell,  Smith  and  Gutierrez 
reported  60  cases  of  beriberi  in  the  United  States  Army  in  Porto 
Rico  November,  1918.  Potatoes,  beans  and  canned  meats  and 
vegetables  were  supplied  the  troops,  and  these  data  led  to  the  sup- 
position that  the  reduction  in  vitamine  by  canning  may  have  been 
a  factor. 

The  fly  problem  is  serious  in  the  army.  Ball  has  shown  that  the 
house-fly  may  be  carried  100  miles  by  the  wind.  I  have  seen  squads 
of  soldiers  swatting  flies  in  mess  halls  when  the  civil  authorities 
allowed  a  mountain  of  horse  manure  to  remain  two  miles  outside 
of  camp. 

Discussion.  Observations,  some  of  which  are  reported  in  this 
paper,  have  led  me  to  believe  that  the  nutrition  of  some  individuals, 
especially  infants,  is  not  ideal,  and  that  the  high  cost  of  living  is 
leading  to  worse  nutrition.  A  large  part  of  the  population  has 
unconsciously  depended  on  the  presence  of  milk  in  an  otherwise 
inadequate  diet,  and  the  decrease  in  milk  consumption  that  is  now 
taking  place  is  to  be  viewed  with  alarm./  The  supply  of  fresh 
green  vegetables  is  not  sufficient  to  be  a  substitute  for  milk.  Grass 
is  not  adapted  to  human  alimentation  except  in  the  form  of  sprouted 
grass  seeds.  In  the  sprouting  of  seeds  vitamines  are  syntheized 
in  the  young  leaves  and  a  quick  crop  of  vitamines  may  be  obtained 
without  the  necessity  of  planting  the  seeds  in  the  ground.  Mc- 
Clendon,  Cole,  Engstrand  and  Middlekauff  have  most  recently 
studied  the  question  of  sprouting  cereal  grains.  Wheat  or  rye, 
sprouted  until  the  shoot  extends  an  inch  beyond  the  grain  and 
heated  in  water  to  70°  to  gelatinize  the  starch,  forms  a  cheap  and 
convenient  and  palatable  source  of  vitamines.  The  seeds  may  be 
freed  from  bacteria  before  sprouting  (Braun  and  Duggar  and  Davis). 
Since  beef  fat  is  about  as  valuable  a  source  of  vitamine  as  butter  is, 
beef  drippings  and  fat  should  be  eaten  rather  than  thrown  in  the 
garbage  can,  and  the  same  applies  to  some  other  animal  fats.  Pro- 
longed cooking  of  fresh  foods  should  be  discouraged,  but  all  canned 
goods  should  be  heated  to  boiling  before  serving,  in  order  to  destroy 
toxins  of  Bacillus  botulinus  that  might  be  present,  unless  a  com- 
petent inspection  of  the  goods  has  been  made. 
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Are  Iodides  Foods? 

By  J.  F.j^CLENDON 

The  Labokatosy  of  Physiological  Chemistry, 

Univeksity  of  Minnesota 


as  been  considered  by  some  biologists 
emists  that  living  matter  originated  in 
.  and  the  elements  of  liying  matter  cor- 
i  to  those  found  in  the  sea  water.  We 
look,  therefore,  to  the  composition  of 
ter  for  the  elements  we  should  expect  to 
a  living  matter.  Sea  water  consists 
'  of  H^O  and  sodium  chloride,  and  be- 
those  the  chief  ingredients  are  magne- 
calcium,  potassium  and  carbonates,  snl- 

and  bromides,  but  there  are  also  present 
>llowing  elements  in  traces:  ammonia, 
ciy  rubidium,  cesium,  strontium,  barium, 
inese,  zinc,  iron,  cobalt,  nickel,  lead, 
r,  silver,  gold,  radium,  fluorine,  iodine, 
3,  phosphate,  silicate,  aluminium,  boron 
rsenic.  In  searching  for  these  substances 
ng  tissue  they  have  been  found  chiefly  in 
e  organisms.  However,  chemists  are 
g  them  to  a  greater  and  greater  extent  in 
3  of  mammals.  Damiens^  finds  bromine 
large  number  of  animals  and  Gautier^ 
Iodine  in  quite  a  number  of  animals.  We 
Buniliar  with  the  fact  that  fluorine  is  a 
ir    constituent   of   bones    and   teeth   and 

of  the  thyroid  gland.  In  experiments 
e  nutrition  of  animals,  I  have  found  it 
convenient  to  feed  them  evaporated  sea 

and  in  this  way  insure  a  supply  of  all 

ire  elements.     Cameron  and  Carmichael' 

not  observed   any    deleterious   effect   in 

[g  rather  large  doses  of  sodium  iodide  to 

rats  and  rabbits.     The   use  of  sodium 

jxderB,  A.,  Compies  Bendus,  1920,  clwi:  930. 
miens.    A.,   Bull.   8oo.    Chem.   Bicl.,    1921, 

0 

K 

utier.  A.,  Compies  Bendiu,  1920,  clzx:  261; 
ijodxi  66. 

meron  and  Carmichael,  J.,  Journal  of  Bio- 
Chemistry,  1920,  zlv:  69. 


iodide  in  preventing  goiter  in  sheep  and  in 
preventing  the  hairless  pig  malady  is  quite 
well  known.  The  use  of  iodide  in  the  treat- 
ment of  goiter  was  first  brought  out  by  the 
work  of  Dumas,  who  was  born  in  1800  and 
studied  pharmacy  in  Geneva.  Dumas  ^and 
Coindet  found  that  iodine  was  valuable  in  the 
treatment  of  goiter.  The  use  of  sodium  iodide 
in  the  prevention  and  cure  of  goiter  was 
strikingly  emphasized  in  1917  by  Marine  and 
Kimball.^  This  leads  to  the  natural  conclusion 
that  the  cause  of  goiter,  or  at  least  one  of  the 
causes,  might  be  the  lack  of  iodine  in  our  diet. 
Iodine  seems  to  be  very  rare  in  food  and  soils 
(Private  communication  of  Oswald  Schreiner) 
or  else  the  former  methods  of  detection  have 
not  been  sufficient  for  such  traces  as  do  exist 
(See  Kendall  and  Richardson^  for  later  meth- 
ods). Iodine  has  been  found  in  a  number  of 
rocks  such  as  slates  ( Gentile'),  limestones 
(Lembert^),  dolomite  (Rivier  and  Fellenberg^) 
and  granites  (Gautier)  in  Europe  and  has 
been  reported  in  vapor  from  Vesuvius  (Mat- 
teucci*),  but  it  seems  to  be  leached  out  so  rap- 
idly from  soils  it  is  seldom  to  be  detected. 
Forbes^^^  failed  to  find  iodine  in  about  half  of 
the  specimens  of  foods,  and  Cameron^  ^  had  a 

*  Marine,  D.,  and  Kimball,  O.  P.,  Jour,  of  Lab, 
and  Clinical  Med.,  1917,  iii:  40. 

B  Kendall,  E.  C,  and  Richardson,  F.  S.,  Journal 
of  Biological  Chemistry,  1921,  xliii:   161. 

•Gentile,   1849,  Jahresher.   d,   Chemie,  251. 

TLembert,  1851,  Jahresher,  d,  Chemie,  319;  Jl, 
Pharm,  (3),  xiv,  240. 

•  Bivier  and  Fellenberg,  1853,  Jahresher,  d. 
Chemie,  924. 

0  Matteucci,  1899,  Compies  Bendus,  exxix,  65. 

10  Forbes,  E.  B.,  Bull,  Ohio  Agri.  Siaiion,  No. 
299,  page  487. 

11  Cameron,  A.  T.,  Journal  of  Biological  Chem- 
istry, xviii:  335. 


Hilar  experience.  The  question  of  the  rela- 
n  of  goiter  to  locality  has  caused  much  dis- 
jsion  and  most  persons  have  come  to  the 
iclusion  that  goiter  is  due  to  the  presence 
some  Bubstance  rather  than  the  ahsence,  but 
ice  much  fruitless  vork  has  been  done  in 
i  attempt  to  find  thb  substance  it  would  be 
11  to  investigate  more  thoroughly  the  ques- 
n  of  the  absence  of  some  substance. 
Qoiter  occurs  lai^ly  in  mountainous  regions 
regions  far  from  the  sea.  Iodine  is  so  rap- 
y  leaebed  out  of  the  soil  that  the  supply  of 
may  depend  upon  salt  spray  blown  from  the 
u  During  storms  the  waves  are  broken  into 
spray  and  the  water  evaporated  and  the  salt 
rried  for  long  distances  throi^h  the  air.  This 
it  is  washed  down  out  of  the  air  by  rains 
d  contaminates  the  rain  water.  In  the 
Eompanying  figure  1  taken  from  Emmons'* 
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on  the  map  indicate  parts  per  million  of 
chlorine  in  the  rain  water  and  the  iodine  wonld 
be  about  one  ten-thousandth  of  this  amotmt, 
or,  in  other  words,  a  part  per  million  of  chlo- 
rine wonld  be  about  a  part  per  ten  billion  of 
iodine.  We  can  say,  therefore,  that  the 
amount  of  iodine  in  the  rain  wal^r  rapidl; 
decreases  as  we  go  from  the  ooaat,  and  is  least 
in  the  Great  Lakes  region.  Figure  2  (taken 
from  Davenport  and  Love")  shows  a  map  of 
QOITRE.  SIMPLE 


Fio.  1 
shown  a  map  of  the  eastern  states,  indicating 
i  relative  amount  of  sea  salt  in  the  rain 
iter.  Detenninationa  were  made  by  the 
light  of  a  certain  constituent  (the  chlorine 
i)  by  the  ordinary  silver  nitrate  titration, 
t  sea  water  is  of  very  un:''irm  composition 
i-egard  to  everything  except  HjO.  That  is 
say,  when  the  salts  are  diluted  or  concen- 
tted,  they  are  all  changed  in  the  same  ratio, 
d  the  dry  salt  would  be  of  uniform  com- 
sition,  so  that  the  chlorine  titration  would 
iicate  the  relative  amount  of  iodine.  Evap- 
ited  sea  water  contains  50  parts  per  million 
iodine,  whereas  the  chlorine  forms  65  per 
at.  of  the  evaporated  sea  water.  The  lines 
.  H.,  1913,  U.  S.  GmI.  8urv«if 


the  goiter  as  reported  by  the  Draft  Board  and 
we  have  more  or  less  the  same  distribution  in 
the  opposite  direction  and  see  more  goiter 
towards  the  lake  region  and  less  toward  tht; 
coast.  Owing  to  the  fact  that  no  chlorine  mips 
have  been  made  for  the  rest  of  the  country,  it 
is  not  possible  to  extend  this  comparison.  It 
is  reported,  however,  from  various  sources  (and 
is  my  personal  observation  in  Minnesota)  that 
the  whole  Qreat  Lakes  region  is  qoite  goiterons, 
and  this  is  necessarily  a  region  in  which  very 
little  sea  salt  falls  upon  the  land  since  the  air 
blowing  over  it  has  already  been  washed  free 
from  sea  salt  by  previous  rains.  Besides  this 
goiterous  r^on,  various  mountainous  r^ooi 
in  the  country  have  been  reported  to  be  goi- 
terous and  this  is  also  true  of  Europe.  These 
mountainous  regions  may  be  relatively  near 
or  far  in  relation  to  the  sea.  We  often  speak, 
however,  of  the  clear  mountain  air  free  from 
dust,  and  it  seems  very  probable  that  sea  sail, 
being  very  heavy,  would  tend  to  remain  in  the 
lower  strata  of  air  rather  than  rise  to  mountain 

I*  Davenport,  C   B.,   and   Love,   A.   O.,   1920. 
Scientifie  Monthly. 
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Volcanic  dust  when  thrown  to  great 
nay  remain  in  the  upper  air  for  a  con- 
time,  but  this  is  true  only  of  the  very 
rticles  of  dust.  The  larger  particles 
ry  rapidly.  In  fact,  so  rapidly  as  to 
5s  bury  towns.  We  may  suppose  the 
n^  are  true  of  the  sea  salt  in  the  air. 
y  finest  particles  may  be  carried  to 
beigbts  than  the  larger  ones,  provided 
L  escape  the  rain  long  enough  to  reach 
ght  in  the  first  place.  The  volcanic 
brown  rapidly  to  the  great  height.  The 
is  tbrown  into  the  air  at  the  sea  level 
reaching  a  great  height  is  very  for- 
Therefore,  we  may  suppose  that  the 
Lce  of  goiter  in  mountainous  regions 
ritb  the  deficiency  hypothesis.  The  ab- 
l  iodine  from  the  rain  water  and  soil 
l^on  would  necessitate  its  absence  from 
its  growing  in  the  region  and  the  ani- 
ibsisting  entirely  upon  the  plants  and 
iter.  Man,  however,  may  receive  con- 
le  food  from  some  distance.  Food  rich 
ne,  such  as  fish,  oysters,  squid,  sea- 
^ea  urchin  ovaries  and  sea  weed,  is  con- 
to  a  much  greater  extent  along  the  sea 
lan  in  inland  regions.  Sea  weed  is  not 
ral  article  of  diet  and  is  only  eaten 
illy  by  the  Japanese  and  certain  other 
I  living  close  to  the  sea.  Sea  food, 
to  its  perishable  nature,  is  largely  con- 
close  to  the  sea.  Therefore,  even  with 
arable  means  of  food  distribution,  the 
a  of  goiter  to  distance  from  the  sea 
still  be  maintained.  Water  might  hold 
me  relations.  Water  flows  toward  the 
d  therefore  does  not  bring  iodine  from 
J  richer  in  it.  Water  courses  rise  either 
untiiinous  regions  or  in  inland  lakes 
are  goiterous  regions.  Certain  mineral 
3  may  be  exceptions  but  the  consump- 
t  such  mineral  water  is  rather  limited, 
principal  other  factor  in  the  diet  is  salt. 
as  first  obtained  by  the  evaporation  of 
ater.  The  process  used  reduces  the 
t  of  iodine,  but  the  extent  of  reduction 
epend  upon  the  amount  of  refining  that 
It  undergoes.  The  sea  water  is  evap- 
in  shallow  ponds  until  the  calcium  car- 
precipitates.  It  is  then  further  evap- 
in  other  ponds  until  the  sodium  chloride 


crystallizes  out.  The  mother  liquor  from  the 
sodium  chloride  crystals,  known  by  geologists 
as  the  bittern,  contains  most  of  the  iodine 
along  with  magnesium  chloride  and  other  salts. 
This  crude  sodium  chloride,  which  may  have 
some  iodine  clinging  to  it,  was  formerly  con- 
sumed in  this  condition  but  nowadays  is  often 
further  purified  by  washing  and  recrystalliza- 
tion  so  that  the  iodine,  which  is  in  very  low 
concentration  in  the  sea  water,  is  reduced  to 
infinitesimal  quantities.  Salt  was  not  purified 
to  as  gre&t  an  extent  in  the  early  days  as  it  is 
now.  When  it  comes  to  rock  salt  Nature  has 
already  purified  it  to  some  extent.  Yan't  HofF 
showed  the  mechanism  of  stratification  of  the 
rock  salt  deposits.  The  sodium  chloride  layers 
are  already  more  or  less  purified.  This  salt 
when  it  is  mined  in  the  dry  state  or  when  it  is 
obtained  from  salt  springs,  which  consist  of 
water  which  has  come  in  contact  with  these  salt 
deposits,  is  still  further  purified  for  table  use. 
Hayhurst^^  investigated  some  of  the  salt  works 
in  Ohio  where  the  salt  is  obtained  from  deep 
wells.  Bromine  and  a  trace  of  iodine  are  sep- 
arated out  of  the  salt  and  the  bromine  sold  as 
a  by-product. 

I  have  been  unable  to  obtain  any  evaporated 
sea  water,  that  is  to  say,  salts  obtained  from 
the  sea  water  without  fractional  precipitation 
or  purification,  from  any  commercial  salt 
manufacturers  on  the  coast.  Through  the 
kindness  of  Metz  &  Company,  Dr.  Sherndahl 
evaporated  100  gallons  of  sea  water  for  me  to 
use  in  experimental  feeding.  This,  together 
with  sea  water  which'  I  have  had  opportunity 
to  evaporate,  has  been  dried  by  baking  it  in 
an  oven.  When  the  last  traces  of  water  are 
eliminated  in  this  way,  hydrochloric  acid  fumes 
are  also  given  off.  Hhe  cause  of  this,  as  point- 
ed out  by  Sorensen,  is  a  reaction  between  mag- 
nesium and  the  other  salts  whereby  oxides  of 
the  alkaline  earth  metals  are  formed  with  the 
elimination  of  hydrochloric  acid.  If  the  baking 
is  continued  long  enough  no  calcium  or  mag- 
nesium chloride  remains  and  therefore  the  salt 
remains  dry.  If  the  sea  water  has  been  evap- 
orated in  an  iron  kettle  some  iron  oxide  is 
added  to  it,  which  improves  it  from  a  nutritive 
standpoint.     The  necessity  of  baking  may  be 

i^Hayhurst,  £.  B.,  Science,  1921,  liv:   131. 
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eliminated  by  adding  6  grams  of  HgPO^  to  the 
liter  and  this  salt  may  aid  in  the  treatment  of 
riekets.  In  my  animal  experiments  this  evap- 
orated sea  water  has  been  used  for  generations 
of  animals  as  the  salt  ration,  with  gratifying 
resnlts.  It  is  very  low  in  phosphoric  acid 
unless  HgPO^  has  been  added,  and  if  casein  is 
nsed  as  the  protein  there  is  not  sufficient  phos- 
phoric acid  in  the  casein  for  the  nutritional 
requirements.  The  question  as  to  whether 
there  is  sufficient  calcium  or  not  for  the  total 
calcium  ration  has  not  been  definitely  settled. 
If  wheat  flour  is  used  for  the  carbohvdrate 
portion  of  the  ration  there  is  sufficient  addi- 
tional calcium  in  the  whe^t  flour  to  bring  the 
calcium  up  to  the  requirements. 

The  question  arises  whether  it  would  not  be 
advisable  for  us  to  feed  our  chOdren  an  im- 
pure salt.  If  iodine  is  the  only  mineral  con- 
stituent that  might  be  deficient  it  could  be 
easily  added  to  the  salt.  We  have  not  proved, 
however,  that  the  other  mineral  constituents  of 
sea  water  are  not  necessary  in  the  diet  There- 
fore, it  would  seem  much  simpler  to  use  evap- 
orated sea  water  as  the  salt  ration  if  it  could 
be  obtained,  and  it  only  remains  to  create  a 
demand  for  it.     The  present  process  of  com- 


mercial evaporation  of  sea  water  oc 
simplified  if  an  impure  salt  was  desired 
is  to  say,  only  one  pond  would  be  m 
for  the  evaporation  of  the  sea  watei 
water  could  be  evaporated  in  this  pond 
as  practical  by  the  snn.  The  total  eont 
this  pond,  including  both  solids  and 
could  then  be  removed  and  evaporated  1 
and  thoroughly  mixed,  and  baked  at 
enough  temperature  to  prodnee  a  dry  si 
case  the  crystals  of  salt  were  large,  on 
the  slow  evaporation  at  first,  they  eo 
ground.  In  baking,  however,  there  is 
dency  for  these  crystals  to  break  up 
inclusion  of  a  little  earth  with  the  salt 
not  impair  its  nutritive  qualities  ai 
product  would  be  sterilized  by  the  lug 
perature  used  in  baking.  It  has  been 
that  salt  obtained  by  the  usual  method 
the  salt  evaporating  plants  on  the  Frenc 
is  reeking  with  baeteria.  The  produetii 
sterile  product  might  be  an  advantage 
dietary  salt  of  several  adults,  chil^ 
infants  has  been  limited  to  the  above  d 
from  Metz  for  many  months  with  gr 
results,  in  a  goiterous  region. 
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CHART  FOR  THE  CONVERSION  OF  COLORIMETRIC 
READINGS  INTO  HYDROGEN  ION  CONCENTRATION. 

By  J.  F.  McCLENDON. 

(from  the  Laboratory  0}  Physiologicoi  Chtmiitry,  University  of  Minnesota 

Medical  School,  Minneapolis.) 

(ReceiYBd  for  publicatioo,  May  29,  1922.) 

The  most  popular  method  of  determining  hydrogen  ion  concen- 
tration by  the  use  of  indicators  has  been  the  method  of  making 
buffer  mixtures  of  known  hydrogen  ion  concentration  and  adding 
indicators  to  them;  at  the  same  time  adding  the  same  quantity  of 
indicator  to  the  same  volume  of  the  unknown  mixture  and  noting 
the  buffer  mixture  that  matched  the  unknown  in  color.  This 
method  necessitated  knowing  two  things:  one  was  the  hydrogen 
ion  concentrations  of  the  buffer  mixtures  and  the  other  was  the 
difference  in  salt  error  between  the  buffer  mixture  and  the  un- 
known. In  the  practical  working  of  the  method  other  difficidties 
arose:  (1)  errors  due  to  concentration  of  the  indicator,  since  the 
same  quantity  of  indicator  had  to  be  added  to  the  buffer  mixture 
and  to  the  unknown,  and  (2)  errors  due  to  impurities  in  the 
indicator.  These  errors  were  difficult  to  avoid  when  the  buffer 
mixture  was  sealed  up  and  kept  for  a  long  time  after  the  indicator 
had  been  added.  If,  however,  the  indicator  is  added  to  the 
standard  at  the  same  time  it  is  added  to  the  unknown,  such  errors 
can  easily  be  avoided  since  the  same  sample  of  indicator  can  be 
used  in  adding  portions  to  the  unknown  and  to  standard  solutions. 
Perhaps  on  account  of  the  above  difficulties  a  number  of  persons 
have  recently  been  using  methods  based  on  the  percentage  of  the 
indicator  that  is  in  the  so  called  dissociated  condition. 

We  do  not  wish  here  to  go  into  the  theory  of  the  color  production, 
but  take  the  simple  hypothesis  of  Ostwald  that  the  free  indicator 
is  undissociated  and  the  salt  of  the  indicator  is  largely,  and  under 
certain  conditions,  100  per  cent  dissociated.  Perhaps  the  sim- 
plest application  of  this  method  is  the  use  of  indicators  which  are 
647 
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colorless  in  the  undissociated  condition,  such  as  phenolphthalein. 
and  compare  the  colors  in  a  Duboecq  colorimeter  as  follows: 
Equal  volumes  of  unknown  solution  and  of  distilled  water  that 
has  been  made  alkaline  are  taken,  and  to  each  of  these  the  same 
quantity  of  indicator  is  added.  In  the  alkaline-distilled-water- 
solution  it  is  presumed  that  >100  per  cent  of  the  indicator  is  dis- 
sociated or  in  the  red  condition.  This  is  tested  by  adding  more 
alkali  imtil  the  indicator  solution  does  not  become  any  redder. 
The  unknown  solution  with  indicator  is  placed  in  the  left-hand 
cup  of  the  colorimeter  and  this  cup  set  at  some  known  point,  such 
as  10  mm.,  between  the  plunger  and  the  bottom  of  the  cup.  The 
alkaline  solution  of  the  indicator  is  added  to  the  right-hand  cup  and 
the  plunger  is  raised  and  lowered  until  a  color  match  is  obtained. 
The  reading  on  the  right  millimeter  scale,  if  multiplied  by  10, 
will  give  the  percentage  of  the  indicator  that  is  dissociated  in  the 
left-hand  cup.  It  remains  to  interpret  this  in  terms  of  hydri^en 
ion  concentration,  which  is  done  by  the  following  formula: 


JC  +  lH^l 
a  ia  the  degree  of  dissociatioa,  K  is  the  disaociation  constant,  and  \H*\  is 
the  concentration  of  hydrogen  ioaa. 

Such  calculations,  however,  although  they  are  done  easily 
by  many  workers,  are  only  accomplished  with  difficulty  by  others, 
and  often  the  liability  for  error  is  proportional  to  the  difficulty. 
It  therefore  seems  desirable  to  use  the  graphic  method  of  workiiig 
out  this  formula.  Clark,  in  his  book  on  determination  of  hydro- 
gen ions,  has  drawn  the  graphs  for  a  number  of  indicators,  showing 
the  relation  of  hydrogen  ion  concentration  to  percentage  dissocia- 
tion. These  graphs  are  curves  which  are  not  easily  drawn  by 
everyone,  and,  therefore,  it  seemed  desirable  to  change  the  graph 
paper  in  such  a  way  that  the  curves  would  become  straight  lines. 
This  cannot  be  done  with  any  of  the  ordinary  graph  papers  in 
use,  and  when  it  is  done  the  different  regions  of  the  graph  have 
different  ratios  of  numerical  value  to  actual  dimensions,  and  some 
slight  error  may  arise  in  interpolation  between  the  lines  on  the 
graph.  Such  errors,  however,  should  be  small  and,  therefore, 
it  seemed  desirable  to  publish  the  accompanying  graph  with 
tentative   values   for   a   number   of   indicators.     The   diagonals 
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represent  the  same  functions  as  the  curves  in  the  charts  in  Clark's 
book  and  therefore  should  be  easily  understood  by  anyone  familiar 
with  hydrogen  ion  determinations.' 

We  add  phenolphthalein,  for  instance,  to  the  unknown  solution 
coming  within  its  range  placed  in  the  lef  t>-hand  cup  of  the  Duboscq 
colorimeter  and  to  alkaline  water  in  the  rights-hand  cup.  If  the  left- 
band  cup  is  set  at  10  mm.  and  the  right-hand  cup  adjusted  so  as  to 
obtain  a  color  match,  the  reading  on  the  rights-hand  scale  multiplied 
by  10  will  give  the  percentage  dissociation  of  the  indicator  in  the 
unknown  solution.  This  percentage  dissociation  is  then  trans- 
ferred to  the  chart  and  its  coordinate  following  to  dii^onal  for 
phenolphthalein.  The  point  of  intersection  will  give  on  the 
abscissa  the  pH  value  (or  logarithm  of  the  reciprocal  of  the  hydro- 
gen ion  concentration).  The  same  principle  can  be  used  with 
thymolphthalein,  a-naphtholphthalein,  and  related  indicators. 
In  case  of  the  sulfonic  acid  compounds  of  these  indicators  the 
Duboscq  colorimeter,  as  ordinarily  used,  will  read  with  difficulty, 
owing  to  the  fact  (with  phenol  red,  for  instance)  that  the  unknown 
solution  in  the  left-hand  cup  will  show  orange,  which  is  a  mixture 
of  red  and  yellow,  whereas  the  right-hand  cup  will  show  only 
different  intensities  of  red  as  the  cup  is  moved  up  or  down.  The 
eye  cannot  evaluate  the  red  in  the  orange  without  the  use  of  a 
color  screen  which  would  absorb  the  yellow.  The  color  screen 
would  be  placed  between  the  eye  and  the  eyepiece  of  the  color- 
imeter. 

Another  method  would  be  to  use  a  color  screen  absorbing  the 
red  or  to  use  monochromatic  light  in  illuminating  the  apparatus. 
Suppose  we  use  sodium  light.  This  would  pasA  through  the  yel- 
low solution  and  yet  it  would  be  absorbed  by  the  red  and  hence 
the  red  alone  or  the  red  element  in  the  orange  would  appear  dark 
and  a  matching  of  the  two  sides  would  be  a  matching  of  the 
intensity  of  monochromatic  light. 

'See  Clarjf,  W.  M.,  The  determmation  of  hydrogen  ions,  Baltimore, 
1B20.    The  equation   on  which  the  chart  i«  baaed    is    No.   7,  p.   20: 
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A  simple  method  of  matching  these  sulfonic  acid  dyes,  such 
as  phenol  red,  has  been  used  by  Barnett  and  Bamett'  and  fully 
described  by  them.  The  principle  of  this  is  a  rectangular  trough 
of  glass,  divided  diagonally  by  a  vertical  sheet  of  glass  into  two 
compartments.  The  equal  volumes,  say  100  cc.  of  unknown  and 
of  two  distilled  water  solutions,  are  carefully  measured  out  and 
the  same  quantity  of  indicator  added  to  each.  One  of  these  dis- 
tilled water  solutions  is  made  acid  until  the  indicator  is  all  in  the 
yellow  form  and  the  other  made  alkaline  until  the  indicator  is 
all  in  the  red  form  and  the  yellow  solution  is  added  to  one  com- 
partment and  the  red  to  the  other.  If  we  then  look  through  the 
trough  in  the  horizontal  direction,  the  color  shades  from  yellow 
at  one  end  through  various  shades  of  orange  to  red  at  the  other 
end.  In  another  rectangular  trough,  made  the  same  thickness 
as  this  one,  the  unknown  is  placed.  The  unknown  is  then  moved 
back  and  forth  above  the  former  and  matched  with  some  portion 
of  the  long  trough.  This  point  of  matching  is  then  measured  in 
percentage  of  the  total  length,  beginning  at  the  yellow  end;  that 
is  to  say,  the  percentage  red  is  determined  in  this  way.  With 
this  value  of  percentage  red  (percentage  dissociation)  we  may  use 
Chart  1  as  we  did  with  phenolpbthalein. 

Victor  Myers*  has  demonstrated  a  double-wedged  colorimeter 
built  on  the  same  principles  as  this  simple  trough  and  the  values 
obtained  with  it  may  be  converted  into  pH  values  by  Chart  1. 

Another  apparatus  that  has  been  used  is  a  Duboscq  colorimeter 
with  two  cups  on  the  right-hand  side,  one  movable  and  working 
inside  the  other.  This  has  been  described  with  detailed  instructions 
as  to  its  use.*  One  of  these  instruments  was  made  under  the  direc- 
tion of  E.  P.  Lyon  and  used  considerably,  the  values  being  inter- 
preted by  means  of  Chart  1  and  compared  with  values  obtained  by 
the  use  of  buffer  solutions.  The  method  is  simply  the  placing  of  the 
unknown  in  the  left-hand  cup  (colored  with  phenol  red,  for  in- 
stance) and  taking  the  red  solution  out  of  Bamett's  apparatus 
and  placing  it  in  the  inner  cup  and  the  yellow  solution  out  of 
Bamett's  apparatus  and  placing  it  in  the  outer  cup.    The  outer 

>  Barnett,  G.  D.,  and  Barnett,  C.  W.,  Proc.  Soc.  Exp.  Biol,  and  MeJ., 
1920-21,  itviii,  127. 

•Myers,  V.  C,  J.  Biol.  Chem.,  1922,  1,  p.  xxij. 
'  Gillespie,  L.  J.,  J.  Bact.,  1921,  vi,  399. 
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652        Conversion  of  Colorimetric  Readii^ 

cup  and  the  plunger  are  fixed  and  only  the  inner  cup  is  movable. 
The  scale  on  the  right-hand  side  measures  in  millimeters,  but 
appUea  to  the  movement  of  the  inner  cup  only.  The  outer  cup  is 
fixed  the  same  distance  from  the  plunger  as  the  left-hand  cup, 
namely  10  mm.  in  thia  case.  The  unknown  will  show  an  orange 
color.  By  moving  the  inner  cup  up  and  down  an  exact  color 
match  will  be  obtained.  When  the  cup  moves  upward  the  red 
is  decreased  and  the  yellow  increased  and  when  it  is  moved  down- 
ward the  red  is  increased  and  the  yellow  decreased. 

The  chief  value  of  Chart  1  probably  rests  in  the  ease  with  which 
new  data  may  be  added  to  it.  For  instance,  let  us  suppose  that 
we  have  an  indicator  that  is  not  on  the  chart.  We  first  deter- 
mine its  dissociation  constant  (K).  If  we  take  the  logarithm  of 
the  reciprocal  of  the  dissociation  constant  and  find  its  numerical 
value  on  the  pH  scale  and  make  a  mark  where  it  crosses  the  50 
per  cent  coordinate,  and  draw  through  this  point  of  intersection 
a  diagonal  hne  parallel  to  the  diagonals  on  the  chart,  we  will 
have  a  "curve"  for  converting  values  obtained  with  this  indicator 
into  pH  values  as  has  been  described.  Some  samples  of  indicator 
may  show  dissociation  constants  different  from  those  of  other 
samples  and  new  diagonal  lines  for  these  new  samples  may  be 
made  in  this  same  manner.  Also  the  presence  of  neutral  salts  may 
change  the  dissociation  constant  of  an  indicator  and  in  this  way  a 
new  diagonal  for  a  different  salt  concentration  may  be  drawn.  It 
is  not  even  necessary  to  know  the  dissociation  constant.  If  we 
can  determine  the  dissociation  at  any  pH  value  and  fix  this  point 
on  the  chart  and  draw  a  diagonal  through  this  point  parallel  to 
the  diagonals,  we  have  the  values  for  the  new  indicator  or  for 
any  indicator  imder  new  conditions. 

The  different  regions  of  the  chart  are  not  of  the  same  sensitive- 
ness so  far  as  the  detecting  of  the  color  change  is  concerned.  The 
eye  is  subject  to  Weber's  law,  that  is  to  say,  the  eye  detects  a 
percentage  change  in  a  color,  and  the  absolute  chai^  it  can  de- 
tect is  less  the  greater  the  intenaity  of  the  color.  For  this  reason 
the  portion  of  the  chart  showing  less  than  50  per  cent  dissociatioa 
is  more  sensitive  than  that  showing  more  than  50  per  cent.  In 
case  of  methyl  red,  however,  the  reciprocal  of  the  dissociation 
was  used  in  drawing  its  curve  in  order  to  obtain  the  same  slope  of 
the  curve  as  in  the  case  of  acid  dyes.    This  will  lead  to  no  error 
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in  practical  application  since  the  same  conventions  in  the  acid 
and  alkaline  solutions  of  the  dye  will  be  used,  but  the  portion  of 
the  chart  that  is  marked  for  more  than  50  per  cent  dissociation 
would  be  the  most  sensitive  region  for  methyl  red. 

XoU  Added  to  Proof. — Accordiog  to  Michaelis  and  Gyeiinant,'  the  curve 
for  phenolphtbslein  ie  not  quite  a  straight  line  as  in  the  chart.  Their 
figures  for  100  a  and  pH  are  as  follows:  10,  S.95;  30,  9.30;  30,  9.35;  40,  9.50; 
50,  9.70;  60,  9.90;  70,  10.10;  80.  10.30.  They  also  add  the  following  useful 
indicators  with  the  pH  at  a  ^  50  per  cent;  2,6-dinitrophenol,  3.69;  2,4- 
dioitrophenol,  406;  ;>-nitropheno1,  7.18;  m -n it ro phenol,  8.35.  They  made 
these  determinations  at  18°  and  they  found  that  rise  in  temperature  moves 
the  fiKures  to  the  acid  side;  that  is  to  say,  the  values  for  pH  decrease 
slightly. 

*  Michaelis,  L.,  and  Gyemant,  A.,  Biochem.  Z.,  1920,  cix,  165. 
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Chatin '  arlvanced  the  hypothesis  that  simple  goiter 
is  correlated  with  a  low  iodin  content  o{  drinking  water, 
but  his  opinion  was  not  accepted.  Heretofore  the 
methods  of  ioilin  analysis  have  not  been  very  well 
<leveioi>ed  so  as  to  determine  small  quantities  in  water. 
.\ccording  to  the  director  of  the  Geological  Survey, 
iodin  has  been  detected  in  waters  containing  1,000  parts 
per  million  of  chlorin  and  quantitatively  in  mineral 
waters  containing  5,000  parts  of  chlorin  per  million. 
In  Europe,  certain  determinations  of  the  iodin  content 
have  been  made;  for  instance.  Macadam  determined 
the  iodin  in  100  gallons  of  the  Edinburgh  water  supply. 

We  have  been  using  the  method  that  I  described 
before  the  Society  of  Biological  Chemists  in  Toronto, 
Dec.  28,  1922,  and  our  results  so  far  have  all  fallen 
into  line  with  the  idea  that  there  is  an  inverse  ratio 
Ijetween  the  amount  of  iodin  in  surface  waters  or  those 
of  shallow  wells  or  springs,  and  the  distribution  of 
goiter.  The  accompanying  map  shows  the  general 
findings.  The  goiter  data  were  taken  from  photostat 
copies  of  the  manuscript  of  "Defects  Found  in  Drafted 
Men,"  War  Department.  1920,  and  also  from  Table 
xxxiti  of  that  volume.  This  represents  the  examination 
of  about  two  and  one-half  million  drafted  men,  and  yet 
this  number  was  too  small  for  accurate  statistical  work 
in  relation  to  simple  goiter.  The  probable  error  was 
very  high,  and  in  interpreting  these  data  a  certain 
amount  of  smoothing  of  the  curves  was  done  in  order 

•From    thr     Uhnratory     of     Phyjiolnnicnl     Chrmislry,     t'nivrrsily    nf 
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to  make  the  zones  continuous.  The  probable  error  is 
high,  owing  not  only  to  the  small  number  of  cases  of 
goiter  reported,  but  also  to  the  fact  that  different 
examiners  may  have  different  standards.  If  we  com- 
pare the  data  by  the  draft  board  with  that  by'  Kerr  - 
at  Camp  Lewis,  we  notice  perhaps  the  greatest  possible 
difference.  Kerr  finds  390  enlarged  thyroids  to  each 
thousand  recruits  from  the  state  of  Washington,  and 
the  draft  board  finds  only  forty  cases  of  simple  goiter  " 
to  each  thousand  men  in  the  county  in  which  the 
highest  incidence  of  goiter  was  noted  in  Washington. 
As  a  matter  of  fact,  the  zones  would  probably  not  be 
continuous  if  the  people  remained  in  small  localities 
and  ate  the  food  and  drank  the  water  from  those 
localities. 

For  instance,  in  olden  times  in  Europe,  particularly 
in  the  Alps,  according  to  many  observers,  and  in  the 
Himalaya  Mountains,  according  to  McCarrison,*  it  was 
often  possible  to  find  two  villages  very  close  to  each 
other  in  which  the  incidence  of  goiter  is  very  different. 
In  the  United  States,  however,  owing  to  migration  of 
the  population  and  transportation  of  food  and  drink 
there  has  been  a  smoothing  out  of  the  areas  and  oblit- 
eration of  local  differences.  In  fact,  it  is  doubtful 
whether  we  are  warranted  in  making  four  zones ; 
perhaps  three  or  even  two  are  about  all  that  are  war- 
ranted. Two  contiguous  zones  would  necessarily  shade 
into  each  other  by  migration.  The  goiter  incidence 
in  the  different  zones  is  quite  distinct.  In  the  first 
zone  we  find  from  15  to  30  to  each  thousand  men; 
in  the  second  zone,  from  5  to  15;  third  zone,  from 
1  to  3,  and  fourth  zone,  from  0  to  1. 

The  amount  of  iodin  in  drinking  water  from  the 
few  analyses  so  far  completed  shows  in  parts  per  billion 
in  the  first  zone,  from  0.01  to  0.1 ;  second  zone,  from 
0.015  to  1.2 ;  third  zone,  from  0.06  to  9,  and  fourth  zone, 
from  1.4  to  10.  Of  course,  certain  mineral  waters  are 
excluded  from  these  analyses. 

It  is  not  intended  to  intimate  that  there  is  enough 
iodin  in  drinking  water  to  prevent  goiter.     Even   in 

2.  Kerr.  W.  J.:  Preliminary  Survey  of  Thyroid  Gland  Among  2,182 
Recruits  at  Camp  Lewis,  Washington,  Arch.  Int.  Med.  24:347  (Sept.) 
1919. 

3.  Too  long  to  wear  a  military  collar. 

4.  McCarrison,  Robert:  The  Thyroid  Gland  in  Health  and  Disease. 
NVw  York,   William   Wood   &  Co.,    1917. 
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case  of  the  water  of  the  lower  Mississippi  and  certain 
well  waters  that  contain  around  10  parts  per  billion 
of  iodin.  10  liters  (quarts)  of  water  would  have  to 
be  drunk  before  0.1  mg.  of  iodin  was  ingested.  Accord- 
ing to  modern  Swiss  practice,  O.I  mg.  of  iodin  a  day 
is  about  the  dose  recommended  for  schoolchildren  for 
the  prevention  of  goiter,  and  it  is  certainly  impossible 
for  the  schoolchild  to  drink  10  liters  of  water  a 
day.  Furthermore,  in  the  second  zone  the  incidence  of 
goiter  is  reduced  very  much  from  the  first  zone,  and  it 
is  enormously  less  than  in  the  very  goitrous  regions  of 
Switzerland ;  and  yet  in  some  regions  the  iodin  in  the 
water  is  less  than  0.1  mg.  in  100  liters. 


We  would  then  have  to  suppose  tliat  the  amount  of 
iodin  in  the  daily  consumption  of  a  few  liters,  say 
0.003  mg,  or  less,  showed  some  protective  action.  It 
seems  more  probable  that  the  iodin  in  water  is  merely 
an  indication  of  the  iodin  in  soils  which  come  in  contact 
with  this  water,  and  that  the  iodin  in  soils  is  concen- 
trated by  the  plants  growing  in  the  soils,  and  in  that 
way  the  population  over  a  given  area  receives  iodin 
through  the   foml.     Therefore,  water  which  is  taken 
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from  the  very  shallow  wells  or  from  the  run- off  of 
nnpoptilated  areas  would  probably  be  the  most  typical. 
The  amoiinl  of  iodin  in  rivers  is  signtlicaiit  only  in 
case  the  vciliime  of  the  water  is  very  large  in  propor- 
tion to  the  ix>pulation  along  its  banks,  since  it  is  very 
proliable  that  all  of  the  iodin  given  as  drugs,  besides 
all  that  taken  in  as  fo(xi,  finally  finds  its  way  into  these 
rivers  through  sewage.  The  amount  of  iodin  exported 
from  Chile  in  1904  was  500  metric  tons.  It  is  probable 
that  a  fair  portion  of  this  reached  the  United  States, 
The  amoinit  of  sewage  contamination,  however,  could 
probably  be  measured  by  its  chlorin  content,  and  there- 
fore any  greatly  contaminated  waters  could  be  excluded 
from  the  tables.  This  is  evidenced  by  the  fact  that 
aboul  7,000,000  tons  of  salt  are  used  in  the  United 
States  each  year. 

As  to  the  cause  of  this  unequal  distribution  of  iodin 
in  natural  waters  and  therefore  possibly  in  the  soil, 
there  are  at  least  three  factors  at  work.  In  the  first 
place,  iodin  is  found  in  igneous  rocks,  and  in  the 
weathering  of  these  rocks  some  i()din  is  liberated. 
Since  the  weathering  of  igneous  rocks  is  verj'  slow, 
the  iodin  content  of  water  in  contact  with  them  would 
be  very  small.  This  is  probably  the  case  in  western 
Oregon,  which  is  largely  covered  by  basalt  in  such  a 
manner  that  the  surface  water  or  the  roots  of  plants 
lia\'e  no  access  to  any  iodin  except  that  derived  from 
the  igneous  riKks.  Most  of  the  iodin  in  the  world  is 
in  the  sea,  which  contains  about  60  billion  metric  tons 
of  it.  Its  concentration  in  the  sea  has  probably  been 
determined  with  some  accuracy,  since  recent  investiga- 
tors agree  i)retty  well  on  this  |ioint.  Winkler  ''  foimd 
0.0.W  mg.  of  iodin  in  a  liter  of  .sea  water.  Cameron  "^ 
found  alMHU  Ihe  same  amount,  1  '  was  able  to  confirm 
\Vinkler',s  work  in  a  rough  manner,  finding  about  0,04 
•  ■I-  0,05  nig,  of  iodin  in  a  hter  of  sea  water.  This  is 
about  100  times  as  concentrated  as  in  water  from 
Zone  1. 

Much  of.  the  Uniled  States  at  intervals  from  the 
Cambrian  j>eriiwl  to  the  PHocene  jwriod  has  been  sub- 
merged under  the  sea.  and  in  that  way  has  been  soaked 
in  sea  water  for  ages,  thus  receiving  a  store  of  iodin; 

5,  WLnkltr^    Zlwhr,   f,  anufwindlr  Chim.   a«!  205.    19J*, 


but,  as  the  land  emerged  from  the  sea,  this  iodJn  was 
gradually  leached  out  by  the  rains,  except  when  buried 
100  or  more  feet  deep,  as  in  salt  deposits  in  Michigan, 
New  York  and  Ohio.  The  region  low  in  goiter,  in  the 
Southern  states,  was  the  only  large  region  that  was 
submerged  beneath  the  sea  in  a  late  geological  |)eriod 
(Pliocene),  and  the  amount  of  chlorin  in  many  of  the 
waters,  in  the  waters  of  Texas,  (or  instance,  indicates 
that  the  sea  salts  have  not  entirely  leached  out  of 
the  surface  in  this  region.  A  salt  lake  covered 
Kansas  and  the  adjacent  territory  during  the  Permian 
period. 

The  third  factor  in  the  iodin  distribution  is  atmos- 
pheric iodin  from  sea  spray  and  the  burning  of  coal. 
The  United  States  Geological  Survey  has  carefully 
mapped  the  amount  of  sea  water  contaminating  rain 
water,  and  finds  that  all  of  the  chlorin  in  the  rain  water 
of  New  York  and  New  England  is  due  to  sea  spray. 
The  quantity  decreases  rapidly  as  we  go  from  the 
coast  toward  the  Great  I^kes,  and  it  may  be  noticed 
from  the  accompanying  map  that  the  amount  of  goiter 
increases  from  the  coast  toward  the  Great  Lakes.-  The 
iodin  thus  brought  in  amounts  to  0.012  part  per  billion 
of  rain  water  three  miles  from  the  coast,  and  decreases 
to  about  0.0004  part  per  billion  in  the  region  of  Lake 
Erie  and  Lake  Ontario.  This  is  added  to  the  iodin 
derived  from  the  soil,  and  may  be  significant.  The 
effect  of  sea  spray  on  the  western  coast  is  not  shown 
by  the  draft  board  examinations  in  the  prevalence  of 
goiter.  This  is  probably  due  to  the  obliteration  of  this 
l>eneficial  effect  by  migration.  The  younger  the  iiersoii, 
the  less  time  he  has  had  to  migrate ;  therefore  we  should 
expect  more  localized  conditions  to  be  reflected  in 
infants  and  children.  In  fact,  a  map  made  by  Dr.  D.  C. 
Hall,  professor  of  hygiene.  University  of  Washington, 
shows  tliat  the  Puget  Sound  region  is  a  region  low  in 
goiter  among  schoolchildren.  As  we  recede  from  the 
sound  or  go  down  to  the  narrow  portion,  goiter 
increases.  Narrow  bodies  of  water  have  not  much  effect 
in  throwing  sea  spray  into  the  air,  as  is  shown  by  the 
fact  that  whereas  the  widest  portion  of  Long  Island 
Sound  throws  considerable  sea  spray  into  the  air,  the 
narrow  portion  of  it  does  not.  It  is  very  probable 
that  the  schoolchildren  all  along  the  western  coast  are 
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comparatively  free  from  goiter.  Besides  the  sea  spray, 
ihe  spray  of  Great  Salt  Lake  contains  considerable 
iodin,  as  I  was  able  to  find  0.07  mg.  of  iodin  per  liter  in 
it.  This  is  evidenced  on  the  accompanying  map  by  an 
adjacent  region  of  low  goiter  incidence,  as  contrasting 
with  the  high  goiter  incidence  in  eastern  and  southern 
Utah. 

The  only  way  to  make  certain  of  this  relation 
between  goiter  and  iodin  is  to  make  a  large  number 
of  analyses  of  water  from  different  parts  of  the  country. 
Owing  to  the  large  size  of  the  sample  required,  it  is 
impossible  for  one  investigator  to  procure  them  by  his 
own  efforts.  It  is  therefore  hoped  that  the  interested 
parties  will  send  in  samples,  in  return  for  which 
analyses  will  be  sent  them. 

The  method  for  collecting  the  sample  is  as  follows : 

One-half  teaspoonful  of  soda  is  placed  in  a  tin  dish  pan. 
Several  gallons  of  water  arc  added,  and  are  evaporated  over 
3  brisk  lire.  Measured  quantities  of  water  are  added  until 
the  required  amount  for  the  lone  has  [leen  added.  The  entire 
amount  should  be  evaporated  to  less  than  a  quart,  and  filtered 
into  an  evaporating  dish  and  evaporated  to  dryness.  The 
residue  in  the  evaporatintt  dish  (but  not  that  in  the  dishpan) 
is  scraped  out  and  sent  to  me.  The  smallest  size  sample 
r<'quired  for  Zone  1  is  25  gallons ;  Zone  2,  15  gallons ;  Zone  3, 
10  gallons;  Zone  4.  5  gallons.  Larger  samples  give  more 
reliable  results. 
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